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To meet every requirement 


you can depend on 
the MATHEWS Flange Barrel Hydrant 


For maximum reliability at lowest cost, you 
can’t buy better than the Mathews Flange 
Barrel Hydrant. It has all the features that you 
look for in a top-quality hydrant — internal 
parts removable through the barrel, compres- 
sion-type valve to prevent leaking in case of 
damage, completely revolving head. In addi- 
tion, every friction point is protected by at 
least one bronze surface, and all water-carry- 
ing areas are designed to reduce friction and 
loss of pressure. 


And at slight extra cost... 


The Breakable Flange and 
Stem Coupling —A specially de- 
signed flange in the standpipe 
just above ground level and a 
frangible coupling in the hydrant 
stem are both designed to snap 
when struck a blow heavy enough 
to break the hydrant. Both can be 
replaced quickly and inexpen- 
sively without excavation, while 
the rest of the hydrant remains 
undamaged. 


Send for this 80- 

MATHEWS HYDRANTS 729%, 
contains full infor- 

Made by R. D. Wood Company mation about the 

Public Ledger Building, Independence Square R. D. Wood line of 
Philadelphia 5, Pa. Iron 

Manufacturers of “Sand-Spun” Pipe (centrifugally cast in Hy 
sand molds) and R. D. Wood Gate Valves dravlic Machinery. 
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580 times more water — 
than flows over 
Niagara Falis! 


IN 5O YEARS Lock Joint Pipe 
Company has developed and pro- 
duced concrete pressure pipe for 
countless water works installations 
throughout the world. Today, at 
any given second of the day or night, 
these pipes are transporting better 
than a billion gallons of water — or 
more than 580 times as much water 
as is flowing over Niagara Falls. 

This is the measure of the tre- 
mendous contribution Lock Joint 
Pipe has made, during a half century, 
toward meeting one of civilization’s 
greatest problems — water supply. 

You may be sure that every re- 
source of skill, experience and re- 
search at our command is now at 
work on the answers to the even 
greater problems we must meet in 
the next 50 years! 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, N. J. 
Sales Offices: Chicago, Ill. Columbia, S. C. Denver, Col. 
Detroit, Mich. + Hartford, Conn. + Kansas City, Mo. 
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COMPETENT, BLOODLESS WORKERS tireless, economical electronically 
controlled and directed. These, science predicts, may be our “servants” of the future 


100 years from now... 


ROBOTS MAY DO OUR WORK 


The years ahead hold many surprises... wonderful new 
products and inventions to challenge the imagination. Then, 
as now, our water and gas will still be carried by the rugged, ° 


dependable cast iron pipe being laid today. 


Over 60 American cities and towns are still served by cast 
iron water and gas mains laid over a hundred years ago. And 
today, modernized cast iron pipe, centrifugally cast and quality 


controlled, is even stronger, tougher, more durable. oon 
AND INDUSTRIAL SERVICE 


U.S. Pipe is proud to be one of the leaders in a forward-look- mc co 
ing industry whose service to the world is measured in centuries. 


U. &. PIPE AND FOUNDRY COMPANY, General Office: Birmingham, Alabame 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED FIFE. 


PG&R § 
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Setting new standards- 


Transite” 
Pressure Pipe and 
Ring-Tite’ Coupling 
speed water line 
assembly, lower 


installation costs 


In community after community, 
proof that Transite Pressure Pipe and 
Ring-Tite Coupling speed water line 
assembly and cut installation costs is 
reflected in such contractor comments 
as these: 
“Exceeded, by far, the speed an- 
ticipated under job conditions.” 
“Based bid on 400 feet a day, 
actually laid over 700 feet.” 


“Established an entirely new con- 

cept of installation savings.” 
These new records for speedy instal- 
lation have been accomplished 
despite adverse terrain, weather con- 
ditions, and the presence of muck and 
mud, in many of these locations. That 
is why, whatever your water line 
problem, it will pay you to learn all 
about Transite’s many advantages. 


Johns-Manville TRANSITE PRESSURE PIPE 


~ 
— 
CALIFORNIA 
fog 
| 
| 
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MASSACHUS 


GEORGIA 
Meets all requirements of 


A.W.W.A., A.S.T.M. and 
Federal specifications 


FLORIDA 


Write for the new Transite Brochure TR-142-A, 
Johns-Manville, Box 60, New York 16, N. Y. 


and new RING-TITE COUPLING 
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COMING MEETINGS 


Coming Meetings 


Vol. 47, No. 4 


AWWA SECTIONS 


Apr. 13-15—Nebraska Section at 
Cornhusker Hotel, Lincoln. Secre- 
tary, E. Bruce Meier, Asst. Prof. of 
Civ. Eng., Univ. of Nebraska, Lincoln. 


Apr. 13-15—Kansas Section at 
Baker Hotel, Hutchison. Secretary, 
Harry W. Badley, Repr., Neptune Me- 
ter Co., 119 W. Cloud St., Salina. 


Apr. 14-16—Arizona Section at San 
Marcos Hotel, Chandler. Secretary, 
Quentin M. Mees, Arizona Sewage & 
Water Works Assn., 721 N. Olsen 
Ave., Tucson. 


18-20—Canadian Section at 
Chateau Frontenac, Quebec. Secre- 
tary, A. E. Berry, Director, Ontario 
Dept. of Health, Parliament Bldgs., 
Toronto 8, Ont. 


Apr. 


Apr. 20-22—-New York Section at 
Hotel Statler, Buffalo. Secretary, 
Kimball Blanchard, Rensselaer Valve 
Co., 56 Grand St., White Plains. 


Apr. 29-30—Montana Section at 
Finlen Hotel, Butte. Secretary, A. W. 
Clarkson, Acting Chief, Water Section, 
Div. of Environmental Sanitation, State 
Board of Health, Helena. 


(Continued on page 8) 


the AWWA. 


AWWA ANNUAL CONFERENCE 
Conrad Hilton Hotel, Chicago 
All reservations are being cleared through the AWWA office. 


Conrad Hilton Hotel has agreed to accept no reservations for the 1955 
Conference except as they are requested on the standard form, through 


June 12-17, 1955 
The 
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how much does it cost... 


CHLORINATION? 


Nothing—when you buy a Fischer & Porter 
Chlorinator. That’s true because fool- f safety 
features are already engineered into this modern, 
instrument-type chlorinator. 

The F&P Chlorinator is instrument engineered 
from top to bottom to be absolutely safe in any 
emergency—and the safety features respond in- 
stantly. The mechanical design—without hy- 
draulic devices to introduce time lag—make this 

a certainty... 


In the F&P Chlorinator you can take a hammer and shatter 

the flowmeter tube—and the chlorinator shuts down instantly. 

In the F&P Chlorinator you can pull the flow 

setting needle valve right out of its socket—and the 
chlorinator shuts down instantly. 


In the F&P Chlorinator you can shut off the ejector water 
supply while leaving the chlorine on—and the chlorinator shuts 
down instantly. 


In the F&P Chlorinator a simple series of hand manipulations 
tests each safety component—or shows the reason for 
malfunctioning should it ever occur. 


These safety advantages are yours in the Fischer & Porter 
Chlorinator. They cost you not one penny more at the outset, since 
the F&P Chlorinator is lower in first cost. They avoid constant costs 
of repeated safety tests and checks. They assure you against high 

costs of repairs and maintenance. We don’t put our safety 
devices under a bell jar—they are right out in the open 
where you can see and touch them. 


These engineered 4 
engineering—make the F&P Chlorinator the safest 
ever built. And you get all these safety features 
plus ease of operation, dependability proven in over 
600 operating units, complete corrosion resistance— 
everything you should have in a chlorinator— 

and you get them for even less cost in the 

initial purchase. Write today for full information, 
details on free trial offer, and absolute 

guarantee of satisfaction. 


comfplele process 
AEB FISCHER & PORTER CO. 
SS 945 Fischer Road, Hatboro, Penna. 


| SUCCESSFULLY MANUFACTURING CHLORINE CONTROL EQUIPMENT 
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COMING MEETINGS 
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Coming Meetings 


(Continued from page 8) 


May 3-5—Pennsylvania Section at 
Webster Hall, Pittsburgh. Secretary, 
L. S. Morgan, Div. Engr., State Dept. 
of Health, Greensburg. 


May 19-21—Pacific Northwest Sec- 
tion at Hotel Chinook, Yakima, Wash. 
Secretary, Fred D. Jones, Dist. Super- 
visor, Rm. 305 City Hall, Spokane, 
Washington. 


Sep. 7-9—New York Section at 
Saranac Inn, Saranac. Secretary, 
Kimball Blanchard, Rensselaer Valve 
Co., 56 Grand Street, White Plains. 


Sep. 12-14—Kentucky-Tennessee 
Section at Phoenix Hotel, Lexington, 
Ky. Secretary, J. Wiley Finney Jr., 
Howard K. Bell, 553 S. Limestone St., 
Lexington. 


Sep. 14-16—Michigan Section at 
Durant Hotel, Flint. Secretary, T. L. 
Vander Velde, Chief, Section of Water 
Supply, State Dept. of Health, Lans- 
ing 4. 


Sep. 19-21—Rocky Mountain Sec- 
tion at Connor Hotel, Laramie, Wyo. 
Secretary, J. W. Davis, Dist. Mgr., 
Transite Pipe Div., Johns-Manville 
Sales, Inc., Denver, Colo. 


Sep. 21-23—Ohio Section at Neil 
House, Columbus. Secretary, M. E. 
Druley, Dist. Mgr., Dayton Power & 
Light Co., Wilmington. 


Sep. 21-23—Wisconsin Section at 
Hotel Schroeder, Milwaukee. Secre- 
tary, Leon A. Smith, Supt., Water & 
Sewerage, City Hall, Madison 3. 


Sep. 25-27—-Missouri Section at 
the Connor Hotel, Joplin, Mo. Secre- 
tary, W. A. Kramer, Room 3, 6th 
Floor State Office Bldg., Jefferson 
City, Mo. 


OTHER ORGANIZATIONS 


May 1-5—Municipal Finance Officers 
Assn., Jung Hotel, New Orleans, La. 


May 6—Annual Conference for Engi- 


neers, Ohio State Univ., Columbus, 
Ohio. 
May 12-13—Symposium on “Automa- 


tion—Engineering for Tomorrow” at 
Michigan State Coll., East Lansing, 
Mich. 


May 15-19—European Assn. for Re- 
search on Fluoridation and Caries 
Control, Univ. of Geneva College of 
Dentistry, Geneva, Switzerland. 


Jun. 6-10—North Carolina Water Works 
Operators Assn. Short Course, Univ. 
of North Carolina School of Public 
Health, Chapel Hill, N.C. 


Jun. 13—Jul. 1—Short Course on “Ecol- 
ogy of Fresh Waters” at Linesville, 
Pa., sponsored by Univ. of Pittsburgh. 
Pittsburgh, Pa. 


Jul. 11-16—Nuclear Engineering Con- 
gress, Engineers Joint Council, New 
York. 


Jul. 18-23—International Water Supply 
Assn. Congress, London. 


Sep. 18-22—New England Water Works 
Assn., Lake Placid Club, Lake Placid, 
N.Y. 


Oct. 10-13—Federation of Sewage & In- 
dustrial Wastes Assns., 
Hotel, Atlantic City, N.J. 


Ambassador 
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The unique side wedging 
action employed in the 
Smith Gate Valve posi- 
tively prevents premature 
lateral expansion of the 
discs and consequent 
binding and scoring of the 
seats while the valve is 
being operated. 


"yj: THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 


THE 
cY 
x 28 
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Toledo 


Prefers 


Concrete 


Pressure Pipe 


Toledo engineers prefer con- 
crete pressure pipe for the city’s 
water supply mains. In 1948 an 
8,600-foot installation, known as 
the Bancroft Street Crosstown 
Main, was completed. Since then 
24”, 36”, 48” and 72” concrete 
pressure pipe has been used in 
major additions to the city’s 
water supply system. Just re- 
cently contracts have been 
signed by Lucas County author- 
ities and work is in progress 
on additional projects in the 
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Toledo area, involving 16” and 
24” pipe. 

There are a number of rea- 
sons for Toledo’s increasing use 
of concrete pressure pipe. Sus- 
tained high-carrying capacity 
and long life are two of the most 
important. Another is low main- 
tenance cost. The original cost 
is also low and installation is ac- 
complished quickly and easily. 

Talk to Toledo engineers 
when you plan your next water 
line. You’ll learn why they like 
concrete pressure pipe—not 
only for transmission lines, but 
for city distribution mains as 
well. 


Member companies 
manufacture 
concrete pressure pipe 

in accordance with 
4 


specifications 


WATER FOR GENERATIONS TO COME 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 
228 North LaSalle Street 
Chicago 1, Illinois 
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The Safest Meter to Buy is 
AMERICAN 


Because: It’s Quiet 


* American Meters build customer satisfaction with years of noiseless 
operation. It relieves the water department of nuisance calls to 
replace meters that are otherwise functioning correctly. That's why 


the foreman who likes to operate 


his meter department without cus- 


tomer complaints, plays safe and 


buys American. 


“American Meters operate 
silently. In my job in charge 
of service, | never Find them 
noisy, even after years of 
operation. That's another 
reason why we always feel 


safe in buying American.” 


BUFFALO METER CO. ny. 


| 
» 
| \ 
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GENERAL CHEMICAL DIVISION 


FOR ALL YOUR 


ALUM REQUIREMENTS 


Specify Dependable General Chemical 


THE CHOICE OF WATER OFFICIALS AMERICA OVER — General Chemi- 
cal Aluminum Sulfate is the alum used in producing crystal-clear, 
sparkling water in so many leading American municipalities and 
industries. It has consistently met the most rigid specifications for 
more than half a century ... is also the most widely used coagulant 
for the removal of turbidity, organic color and other impurities 
from water. 


PRODUCTION FACILITIES ALL OVER THE MAP — Wherever you are, 
you are near a General Chemical plant producing dry or liquid 
alum for water processing . . . 20 different primary sources in every 
section of the country. In emergencies . . . at all times . . . public 
works officials have found they can count on General Chemical for 
adequate supplies and prompt deliveries of this preferred water- 
processing alum. 


ALLIED CHEMICAL & DYE CORPORATION 


40 Rector Street, New York 6, N. Y. 


Offices: Albany + Atlanta + Baltimore + Birmingham + Boston + Bridgeport + Buffalo + Charlotte Serving Agriculture 


+ Cleveland + Denver + Detroit + Greenville (Miss.) + Houston + Jacksonville + Kalamazoo from Coast to Coast 
Los Angeles + Minneapolis + New York + Philadelphia + Pittsburgh + Providence + San Franciseo 
* St. Louis + Yakima (Wash.) + In Wisconsint General Chemical Company, Inc., Milwaukee 


in Canada: The Nichols Chemical Company, itd. * Montreal + Toronte * Vancouver 
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Producing 
Locations 
Il Around A 
You / pur 


5 million Gallons 


400,000 Gallons 


For more than half a century Hammond 
has‘been incorporating integrity of design 
and sound construction characteristics. 
in all its products—Steel Standpipes » Steel 
Reservoirs + Elevated Water Tanks * — 
Water Spheres + Filtration and Purication 
Units for general wa yply and fire 
protection systems. 


a Processing 
~ Vessels are buili to all standard codes 
and specifications in¢luding those of 
— the American Water Works Association, 
Associated Factory. Mutual Fire 

Com the ag 


WARREN and BRISTOL, PA. * PROVO, UTAH © CASPER, WYO. * BIRMINGHAM, ALA. 


Soles Offices: NEW YORK 20 + AKRON + BOSTON 10» BUFFALO 2 + CHICAGO 3 + CINCIN. 
WATI 2 + CLEVELAND 15 + EL PASO + HOUSTON 2 + LOS ANGELES 14 + PITTSBURGH 19 
RICHMOND 20 SAN FRANCISCO.» WASHINGTON 6, D.C. + HAVANA BUENOS AIRES 


Catalog details and describes all 
Write for your copy. 
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what have 


The Asiatic elephant is found in shady, 
wooded districts of Southeastern Asia. 
Huge unimals that weigh up to 

8,000 pounds and hove a life span of 
about 60 yeors, they are easily 
domesticated. Many of them ore used to 
perform useful labors of lifting and pulling 
Ordinarily gentle, they con become 
highly dangerous when enraged or 
frightened. 


In good condition after 100 yeors of 
service, this cast iron distribution main 
is one of several still functioning in 
New York City. 


i ron 
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= 
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they common... 


THE ELEPHANT 
AND CAST IRON PIPE...STRENGTH! 


Great strength has made the elephant one of Man’s most useful animals. 
And Cast Izon’s strength . . . shock strength, beam strength, compressive strength, 
make it the world’s most dependable pipe . . . servant of centuries. 


To DAY. ®@ @ modernized cast iron pipe, centrifugally cast, 

is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

CAST IRON PIPE’S PROVED RECORD OF DEPENDABILITY IS UNIQUE 

IN ITS FIELD. 

Cast Iron Pipe Research Association, Thos. F. Wolfe, Managing Director, 

122 So. Michigan Avenue, Chicago 3. 4 


» 
FOR MODERN WATER WORKS OPERATION 


WATER, MOBILE WATER WORKS jaa 
WORKS DEPT, WAI QUEBEC HYDRO-ELECTRIC | SION WATER 
PUBLIC WORKS, «PUBLIC WORKS OFPT OF PUBLIC 
frederick, Marylend City af Winchester, Virginie 
NS, Supply Pennsylvania ot Winston-Salem, Noth Caroling 
WATER BUREAU OF TAN «BUREAU OF WATER WATER COMPANY 
The @-Chech stencilied on pipe is the Registered 
Service Mark of the Cas! Pipe Research Association 
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for cleaning and 
developing water wells 


the complete well cleaning preparation 


WELTONE is a complete well cleaning product that combines 
the exclusive dispersing action of Calgon* with several other 
chemicals into a highly soluble, effective powder. 


WELTONE IS SAFE... . will not harm metals or concrete 
during the contact period, allowing cleaning with the pump 
in place. Weltone forms no dangerous fumes. 


WELTONE IS EFFICIENT... at cleaning old wells or developing 
new wells. The high dispersive activity of Weltone effectively 
removes drilling muds, and the quartz, mica, silt and other , 
materials which frequently prevent new wells from developing 
their full capacity. 


WELTONE STERILIZES .. . and disinfects, destroying the 


growths of iron fixing or other bacteria which frequently 
contribute to lowered well capacities. 


WELTONE IS EASY TO USE... specially processed to dis- 
solve readily, Welrone may be added directly to the well in 
dry form. Use inexpensive Weltone to keep water wells at 
high capacity. 


Write today for full information on Weltone. 
The descriptive folder is free, and contains 
complete information on the remarkable 
well cleaning properties of Weltone. 


CALGON, Inc. 


Hagan Building © Pittsburgh 30, Pa. 


*Calgon is the registered trademark of Cal- 
gon, Inc., for its sodium phosphate glass 
(sodium hexametaphosphate) products. 
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ack the man from @yyag 


He carries knowledge 
from many countries 
under the hat he wears! 


A problem on ground water 
development solved in Paris, 
France, may be the answer 
to a similar problem in Paris, 
Tennessee. World wide, fac- 
tual knowledge gained the 
world over is available to 
municipalities, small and 
large, without cost or obliga- 
tion upon request. 

It’s sound business judg- 
ment on any question that 
relates to water to “ask the 
man from Layne.” 


La 
LAYNE & BOWLER, INC. Aaodidtitivitiindes 


Memphis 8, Tennessee Throughout the 
World 


| P&R 19 
AKL) 
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water wells + vertical turbine pumps water treatment 
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THREE GOOD 
All-purpose pump — corrosion-proof measuring chamber 


safely handles almost all water treating chemicals — at 
rates from 0.2 to 57 gals. per hour. 


2) Complete kit — furnished with all necessary items for 
quick easy installation — easily adapted to all types 
of constant rate or flow proportional feeding systems. 


&) Maintenance-proot design — complete feed control 
mechanism operates in “oil bath” lubrication. 


See how Proportioneers Chem-O-Feeder can solve 
your water treating problems — write for Bulletin 1225. 
Proportioneers, Inc., 365 Harris Ave., Providence 1, R. 1. 


ROPORTIONEERS 


SION OF B-I-F INDUSTRIES, INC. 


FOUNDRY OMEGA MACHINE CO. BUILOERS- provioence, mmc. Fe 
co 
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Standard 6”x12” 
test cylinders are 
made from the 
same batch of 
concrete as the 
pipe, cured with 
the pipe in the 
same steam box 
and are subjected 
to compression 
tests. 


Steel 
reinforcement 
rods are tested 

to determine 
their physical 
properties. 
Stress-strain 
diagram may be 
plotted on 
recorder at 
right. 


Resistance 

to external 
loadings is 
determined by 
careful 
checking as 
pipe receives 
three-edge 
bearing test. 


Completed pipe 
sections receiving 
hydrostatic test. 
Water pressure is 
increased until 
ultimate failure of 
the pipe section; 
research engineer 
makes periodic 
examinations as 
pressure goes up. 


BETTER 


at a lower cost 
to you 


What this means to you... 


Cost. Lowest possible cost to you 
through efficient utilization 
of materials. 


Quality. Savings, yes, but all 
pipe must be constructed 

in accordance with sound and 
conservative engineering 
principles. 


Safety. A built-in safety factor 
is always a part of American’s 
engineered products. 


Know-how. Product 
information for you from 
engineers who KNOW from 
experience and tests what each 
class of pipe can do. 


Materials. Highest quality 
materials guaranteed by 
American’s policy of testing and 
proving before using. 


Future. A research program 
to help solve problems which may 
confront you in the future. 


Take advantage of these plus- 
factors in your next project—our 
45 years of experience in the 
development of superior pipe 
products is at your service. 

Write or phone for any 
additional information. 


mer, PIPE AND CONSTRUCTION CO.) 


Moin Offices ond Plant, 4635 Firestone Bivd , South Gate, Califorma 
District Sales Offices and Plants: Hayward Son Diego Fortiond, Ore 
Mail Address. P. 0. Box 3428, Terminal Annes 
Los Angeles 54, Calif. « Phone, LOgen 6227! 
Cones ete pipe tor main water wpply lines vtorm ond 
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DE LAVAL pumps America’s water... 


In Council Bluffs, lowa, as in more than 
80% of America’s municipal stations, 
De Laval centrifugal pumps are faithful 
public servants. 


On the line are two motor-driven De Laval NOTE: 

14/12 units. Each unit has two pumps 

in series designed for 4,500 gpm against Have you considered the 

a total head of 245 feet at 1,200 rpm. dollars and cents savings 

Another pumping unit, dual driven by a gas you can make by replacing 

engine at one end and a motor at the other, your old pumps with new, 

consists of two De Laval 12/10 pumps more efficient De Laval 

in series. Operating conditions for these are units? Write to De Laval for 

3,750 gpm against a head of 235 feet Pump Fax bulletin which 

at 1,200 rpm. includes a valuable “power 
savings” chart. 


Fifty-three years experience in pump 
building, during which time De Laval 
has introduced numerous “firsts” in pump 
design, is the reason for this nation-wide 
preference. 


MVEA Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
OL 2604 822 Nottingham Way, Trenton 2, New Jersey 


{ 
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For water works 
service...specify 
AWWA standard 
butterfly 
valves... 


Bullders-Providence 
365 Harris Ave., 
Providence 1, R. |. 


UILDERS- 


Division OF B-I-F INDUSTRIES, INC. Frees 
SUILOERS FOUNDRY © PROPORTION EERS, INC. © OMEGA MACHINE CO, FEEDERS 
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Pipe Line Equipment 
WATER - GAS - SEWER 


Bottled Gas 
Lead Melting Furnace 


brass caps 
attached to 
each end. Equipped with 
clamps. 


M-D Cut-In Connections 
for Sewers 


A light 
cast iron 
fitting 
with bell 
end for 
connect- 
ing house 


service with main sewer 
ipe without necessit 
placing a Y-brane 
T-branch in the sewer 
line. 


A truly fine instrument 

designed to solve even 

the most difficult leak 
ing problem. 


JOSEPH 


Western Office 
1064 Peoples Gas Bidg. 
Chicago, Ill. 


Calking Tool Outfit 


For water mains up to 
12”. Strong leather bag. 
Keeps the right tool for 
every job within easy 
reach. 


Test Plugs for 
Bell or Spigot End 
Cast Iron Pipe. 


On this page are shown 
only a few of the hun- 
dreds of items to be 
found in the POLLARD 
Catalog. Write for a 
copy of Catalog No. 
26K. 


Furnace 


A handy outfit for quick 
action, equipped with 
gasoline burner. 


Pipe Cutter 


Inexpensive 
way of cut- 
ting pipe. 
Every wheel 
in contact 
with the pipe 
is a cutting 
disc, so cut- 
ter need be moved willy 
a short distance to cut 
entirely around the pipe. 


Tapax 
The orig- 
inal man- 
hole cush- 
ion. Takes 
the ban 
out o 
manhole 


covers. 


New * “Electronic Witch” 
M-Scope Pipe Finder 
The first really NEW pipe 
Finder in 20 years. 


G. POLLARD CO., INC. 


MAIN OFFICE AND FACTORY 
New Hyde Park, N. Y. 


Southern Office 
333 Candler Bidg. 
Atlanta, GA. 


bd 
— A 
| 


Apr. 1955 JOURNAL AWWA P&R 27 


THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


FOR BETTER WATER SERVICES 


| 
S Catalog No. 56 ae 
\ EQUIPMENT FOR 
WATER METERS. / | 
| our Copy 
ford | 
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MANHOLE STEPS: 


GIVE THEM AN EXTRA MARGIN OF SAFETY 
WITH CORROSION-RESISTANT EVERDUR 


Manhole steps—of all sewage treat- 
ment and waterworks structures—need 
extra corrosion resistance and depend- 
ability. Everdur* gives it to them .. . 
and adds the strength that really pays 
off . . . in greater safety. 

Everdur Copper-Silicon Alloys deliver 
the same corrosion resistance—plus ease 
and economy of operation over the 

ears —to gates, screens, guides and 
Its, weirs, float chambers, troughs, 
stems and electrical conduit. Everdur 
is easily fabricated into lightweight, 
built-up wrought-metal assemblies. 
a on type or composition, 

Everdur Alloys can be worked hot or 
cold, You can form, forge, weld and 
machine them. They are available in 


the form of plates, sheets, rods, tubes, 


electrical conduit and casting ingots. 

Write today for Anaconda’s free 
booklet, “Everdur Copper-Silicon Al- 
loys for Sewage Treatment and Water- 
works Equipment.” For specific help 
in selecting the right alloy for your 
equipment, consult our Technical De- 
partment. The American Brass Com- 
pany, Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. baleoa 


EVERDUR 
ANACONDA 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE * WORKASGLE 
ANT 


Vol. 47, No.4 
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How to Locate Water Leaks 
WITH SIMPLEX PITOT EQUIPMENT—— 


w™ not decrease your load and stop pumping to 
waste? Locate the hidden leaks which waste thou- 
sands of gallons per day per mile of main. . . far more 
than usually guess-timated! 

Locating these leaks with Simplex Pitot Equipment 
costs only a tiny fraction of the value of the water be- 
ing wasted. You get accurate flow records with mini- 
mum effort . . . valuable data that will help you to 
reduce “unaccounted-for water” to a minimum. 


PITOT ROD MANOMETER 


Simple, rugged and light- Quickly connects to a Sim- 
weight. Easily installedonany plex Pitot Rod with flexible 
pipe or main. Special clamp tubing. You then have a sim- 
holds tube firmly in position ple, sensitive and inexpensive 


against water pressure. instrument for indicating rate 
Low coefficient gives high of flow. 

differential pressure for great- Can be used for wide flow 

est accuracy. ranges .. . low or high. 


PITOT RECORDER 


Connects easily to Pitot Rod. Eight-inch chart records 
flow data. Simple and rugged construction . . . no 
delicate mechanisms . . . yet sensitive and accurate. 
Sturdy carrying case. Leveling feet. Reliable 7-day 
clock movement for chart. Accurately calibrated. 


Get the Facts! 


Free 20-page Technical Bulletin 1300. Full instructions 
for use and care of Pitot equipment. Seven pages 
of helpful formulae, tables, curves. Write to 
Simplex Valve & Meter Co., Dept. JA-4, 7 E. sumprex 
Orange St., Lancaster, Pa. 


AND METER COMPANY 


f) 
| 
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SIMPLEX 
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CURVE No. £- 8617 __ 
WHEELER ECONOMY 


| 

| 

| 


The Type M pump shown here 
is typical of Wheeler-Economy 
pumps for water works service. 
Its design embodies heavily 
ribbed cases and high pressure 
flange specifications where re- 
quired. Single or dual volutes are 
available. Sleeve bearings (oil 


Catalog #A-1052 illustrates 
many styles and installations 
for water works service. 
Write for your copy. 


lubricated) or 
(either oil or grease lubricated ) 
may be furnished in most water 
works sizes. The pump shown 
has oil lubricated ball bearings. 


ball bearings 


Typical performance charts show 
that high efficiencies over a wide 
range of operating conditions 
are yours when you specify 
Wheeler-Economy. 


WHEELER-ECONOMY PUMPS 


ECONOMY PUMPS INC. - DIVISION OF C H WHEELER MANUFACTURING co. 


19TH AND LEHIGH PHILADELPHIA 32. PA 


ee 
Vol. 47, No.4 
for pu mp economy =... 
. 
pick WHEELER-ECONOMY > 
oll | ECONOMY PUMPS, INC, 
= 
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Write for literature, or ask ‘‘The Man from Hays” 


(FOR OVER 80 YEARS) 


CORPORATION STOPS + CURB STOPS 
SERVICE BOXES + FITTINGS 
BRANCH CONNECTIONS + GOOSENECKS 


WATER WORKS PRODUCTS 
HAYS| HAYS MANUFACTURING CO. 
ERIE, PA. 
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“Isolantite” and other Ceramics 
Fiberglass Reinforced Plastic 
“Teflon” 


“Hypston” 

"Uscolite” 

Unplasticized Polyvinyl Chiorides 


Where glass is needed, rtd ey 
“Plexighas” 
glass is used... 


How well chlorination equipment does its job depends not only 
on proper design but on the selection of the right material for each 
part of the assembly. 


In W&T equipment, every part is employed where it best suits 
the purpose for which it is intended. And every part gives good serv- 
ice because it is made of the right material for the job. Glass, metals, 
ceramics, and many types of plastics are used throughout Wallace & 
Tiernan’s complete line of chlorinators — and each is selected for its 
ability to give you the most satisfactory operation under your plant 
conditions. 

Since 1913, W&T research has consistently sought out new de- 
signs, principles and materials. Every new development is placed 
under rigid field tests to prove it can meet the exacting standards 
that dependable and economical chlorination demands. 


When you depend on W&T equipment, you have the assurance 
that 40 years of experience in the chlorination field is being used to 
bring you the best in design, parts, and materials — selected and 
tested specifically to fit the need. 


S-94 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET, BELLEVILLE 9, NEW JERSEY 


“Make Your Firat Choice 
Equipment That Lasts” 


WERE 1S A PARTIAL LIST OF MATERIALS 
— “Saran Rubber” 
“Saran” 
‘Kel-F” 


AMERICAN WATER WORKS ASSOCIATION 
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Increasing the Capacity of Existing 
Treatment Plant Facilities 


R. S. Rankin 


A paper presented on Oct. 20, 1954, at the Southwest Section Meeting, 
El Paso, Tex., by R. S. Rankin, Director, San. Eng. Tech. Div., 


Dorr-Oliver Co., Stamford, Conn. 


HEN treatment plants are new, 
operations can be carried out 


smoothly and capacity is usually ade- 


quate. Unfortunately, however, after 
years of service, plants become obso- 
lete, making it difficult to meet the in- 
creasing demands of a growing com- 
munity. When this happens, the oper- 
ator probably would like to scrap the 
old plant and build a new one. In 
some instances, this might be the wisest 
course to follow, but most water treat- 
ment facilities are built for permanence 
and represent a considerable invest- 
ment. They usually include tanks and 
other structures that are in sound con- 
dition and may lend themselves to an 
economical plan of modernization. 
Such a project may enable a commu- 
nity to obtain greatly increased output 
of treated water at a fraction of the 
cost of new works. Numerous exam- 
ples testify to the wisdom of exploring 
this idea in all its variations before 
scrapping the old facilities. 


Richmond Plant 


One of the outstanding examples of 
increasing the output of existing facili- 
ties at comparatively small cost is the 
work done in 1932 by Marsden C. 
Smith, at Richnf®nd, Va. His meth- 
ods have since been applied to hun- 
dreds of other water treatment works. 
In 1932 the Richmond plant consisted 
of four coagulation basins which were 
typical of those in many other plants 
built prior to that time. Raw water 
was mixed with chemicals for a few 
minutes and discharged into the basins, 
where chemical precipitation was sup- 
posed to clarify the water and make 
it suitable for filtration. Increased 
output was needed, but poorly clarified 
water continually decreased filter runs. 
This resulted in the use of more plant 
output for wash water and less for 
distribution. 

The trouble arose during the great 
depression, when expenditures for new 
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works had to be avoided. Smith knew 
he had to devise some solution to the 
problem which did not require new 
construction. It was decided to ex- 
plore ways of improving upon old fa- 
cilities. By exhaustive laboratory 
tests, it was demonstrated that increas- 
ing the time of gentle agitation of 
chemically dosed water beyond the ex- 
isting standard greatly improved the 
quality of the settled effluent. Extend- 
ing the flocculation period to as much 
as 1 hr not only did no harm but 
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requirement could not be met and the 
expense would have been excessive. 
Smith concluded that the only solution 
was to proceed with the development 
of a new design for mechanical mixing 
which would fulfill the requirements. 
The result was the first installation of 
the horizontal-shaft type of flocculating 
equipment at a cost far below any other 
possible type of mixing arrangement. 

The effects were startling. Instead 
of a slow-settling floc spread out over 
the 700-ft length of the basin, almost 


Pig. 1. View of Plant at Kansas City, Mo. 


Flocculation and sludge removal equipment has been added to existing basins. 


actually improved the settling charac- 
teristics of the floc to such an extent 
that the total duration of pretreatment 
could be materially reduced. 

The next problem was how to apply 
laboratory results to plant operation. 
It was decided to utilize the influent 
end of the existing basins as a gentle- 
mixing zone. The length of this zone 
was to be sufficient to give a theoretical 
detention of 70 min. A baffled-mixing 
design was unsuitable because the head 


all the floc settled within 50 ft of the 
last paddle. During the first 4 months 
of operation, alum consumption dropped 
from 76.5 ppm to 39.4 ppm, resulting 
in a saving of $1,400 per month. The 
installation paid for itself in chemical 
savings alone in less than 2 years. 
Treated-water color was reduced al- 
most in half, and a vast improvement 
was noted in the length of the filter 
runs and the quality of the treated 
water. This is an excellent illustration 


| 
{ 
N — 


Apr. 1955 


of what can be done to improve a 
plant without the addition of a single 
major structure. 


Kansas City, Mo., Installation 


Another place where existing struc- 
tures were utilized and equipment was 
installed to give greatly increased ca- 
pacity is the Kansas City, Mo., water 
treatment plant. As originally placed 
in operation in 1927, this plant, de- 
signed primarily for turbidity removal, 
included four mechanically cleaned 
presedimentation basins, followed by 
circular mixing basins with tangential 
feed, where the water was dosed with 
lime and alum. The water then passed 
through primary and secondary coagu- 
lation basins. Plant output was gener- 
ally limited to 50-60 mgd, because one 
of the three primary basins was out of 
service much of the time for cleaning. 

Increased consumption due to rapid 


city growth and war industry demands 
emphasized the need for more effi- 
cient pretreatment facilities and the de- 


sirability of softening the water. Raw 
water came from the muddy Missouri 
River and was quited hard, particu- 
larly in the winter. 

A joint study was made in 1940-41 
by two consulting firms. High-rate 
solids-contact process (“‘upflow’”) 
units were coming into general use 
then, and the engineers gave full con- 
sideration to their possible application. 
Extensive reconstruction would have 
been necessary, however, to adapt the 
plant to such facilities and the cost was 
considered prohibitive. The engineers, 
after careful study, submitted recom- 
mendations which, with no new sedi- 
mentation tanks, would more than 
double the potential output of the plant. 
The city adopted the plan and pro- 


TREATMENT PLANT IMPROVEMENTS 


305 


ceeded to put it into operation. A hy- 
draulic jump for flash mixing of chemi- 
cals was provided by constructing a 
flume or trough across the circular 
mixing tanks of the original plant, 
thus avoiding major piping changes. 

Next, the three original primary co- 
agulation basins, each 330 x 300 ft, 
were divided into separate flocculation 
and sedimentation compartments by 
the construction in each unit of a cross 
wall about 60 ft from the inlet side. 
Numerous vertical ports were built 
into the cross walls to aid in distribut- 
ing the flocculated water into the sedi- 
mentation compartment. Each sedi- 
mentation compartment was furnished 
with sludge removal equipment for the 
first 155 ft of flow-through length, with 
the remaining portion of the tank floor 
to be manually cleaned as required. A 
sludge-pumping station was built right 
in the basin on the centerline at the 
edge of the mechanically cleaned sec- 
tion. Figure 1 shows a view of the 
improvements. 

The two secondary coagulation 
basins were designed originally to add 
coagulant to the primary-basin effluent. 
Apparently, however, coagulation in 
the second stage was inadequate. The 
insufficiency was overcome by the in- 
stallation of flocculating equipment in 
a compartment formed by constructing 
a transverse baffle wall at the influent 
end of each of the second-stage basins. 
The drive chains of all the flocculating 
equipment were made readily accessi- 
ble in dry wells, with the drive shafts 
passing through stuffing boxes to the 
paddles in the basins. 

The addition of softening facilities, 
together with the greatly increased 
plant capacity, has proved very satis- 
factory. The output of the plant was 
raised from the original 50-60 mgd to 
150 mgd, at a fraction of the cost that 
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new structures for the additional ca- 
pacity would have entailed. 


New Orleans Program 


The New Orleans, La., expansion 
program at the Carrollton Purification 
Works is another example of utiliza- 
tion of existing basin capacities. By 
the installation of modern equipment, 
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cause no more economical coagulant 
has been found. 

Improvements have been made to the 
original plant from time to time; the 
last major addition (prior to the present 
program) was built in 1935. In recent 
years demand increased to the extent 
that additional pretreatment facilities 
were indicated. It was apparent that 
the older method of operating the sedi- 


Pig. 2. Revamped Basins at New Orleans 


Six treatment units were installed in these two formerly unused basins, increasing 
plant capacity 100 mgd. 


a great increase in treatment plant out- 
put has been made possible. New Or- 
leans, which gets its water supply from 
the Mississippi River, was one of the 
earliest cities in the country to install 
a rapid sand filtration plant. Huge 
coagulation basins were constructed to 
allow adequate precipitation of the mud 
carried in the raw water. Treatment 
with lime and ferrous sulfate was origi- 
nally adopted and still continues be- 


mentation tanks was not getting the 
most out of them, and the installation 
of modern equipment seemed desirable. 
Accordingly, a study was made to de- 
termine the bethod of increasing capac- 
ity at the lowest cost. 

The New Orleans Sewerage and 
Water Board decided that existing 
basin capacity was ample for future 
needs, provided more efficient use 
could be made of it. Rising demands 
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required an immediate increase in pre- 
treatment facilities to a capacity of 100 
mgd. This initial expansion was to be 
followed by a further increase at a 
slower pace, to take care of future de- 
mands. The first or immediate in- 
crease illustrates the use of existing 
tanks. 

Two basins formerly used for re- 
moval of grit from the raw water had 
been out of service for some years 
owing to alterations in the overall 
scheme of treatment. These basins, 
built in 1908, were approximately 
75 X 340 ft, with a 16-ft water depth. 
They were located with the floor only 
3-4 ft below ground level. The walls 
were constructed with counterforts or 
buttresses, on 10-ft centers, inside the 
tank. The plan proposed was to con- 
vert the two basins into upflow, blanket 
type units with a capacity of 50 mgd 
each, thus adding 100 mgd to existing 
pretreatment basin capacity. Disturb- 
ance of the tank floor was to be avoided 
as far as possible, because the floor slab 
was resting on the soil and was not 
otherwise supported or tied into the 
walls. The proposed solution was the 
installation of six units in each basin, 
each unit to handle 8.67 mgd. Formal 
competitive bids were taken, and the 
contract was awarded to the author’s 
company. The finished basins are 
shown in Fig. 2. 

The application of chemicals pre- 
sented an interesting problem. As 
previously stated, New Orleans has 
for years used lime and ferrous sulfate 
as reagents to precipitate the turbidity 
and partially soften the water. It was 
undesirable to change the types of co- 
agulants because all the operators were 
familiar with them. The problem was 
how to flash-mix these chemicals with 
the raw water. Individual feeding of 
chemicals and mixing ahead of each 
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newly installed unit was considered 
unnecessary, and would have cost more 
than application at a single point. 

The solution adopted was to use the 
available excess head in the influent 
feeder main and mix the chemicals 
with the raw water by means of a hy- 
draulic jump constructed in the inlet 
flume across one end of the tank. 
Careful calculations were necessary to 
determine proper flume design so that 
the excess head in the 50-mgd flow 
could be properly utilized for flash 
mixing without creating undesirable 
waves. Fortunately, the new method 
has resulted in performance very close 
to that predicted. 

Each upflow unit is fed individually 
through an adjustable control gate in 
the main influent flume, which runs 
along the central wall between the two 
tanks. The effluent is removed 
through circular flumes surrounding 
each unit and also through longitudinal 
flumes along both sides of each tank, 
with up to 50 per cent being removed 
through the circular flumes. 

Sludge piping laid on the floor runs 
to sludge control manholes constructed 
in the area between two counterforts at 
a location where the rotating arms will 
not interfere. Thus, what was for- 
merly an unused pair of tanks has been 
converted into a 100-mgd plant addi- 
tion with a minimum of changes in 
the structures. In October 1954 the 
installation was going through a trial 
period, including adjustments and 
training of operators. It was expected 
to be ready in time to meet the heavy 
winter demand. 


Smaller Plants 


A number of smaller plants with 
pretreatment structures in good condi- 
tion have also found it advantageous 
to convert them into high-rate upflow 
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units by the addition of suitable equip- 
ment. At far less cost than new struc- 
tures would entail, plant capacities 
have often been doubled. Two typical 
examples are the plant serving North 
Miami Beach, Fla., and a larger instal- 
lation at Ardmore, Okla. 


North Miami Beach 


North Miami Beach, a suburb of 
Miami, in 1950 acquired the plant of a 
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700 gpm average and 1,400 gpm maxi- 
mum. This would satisfy current de- 
mands. Construction of the unit, 
along with other improvements, was 
completed in early 1952. After a trial 
period it was possible, when using lime 
and activated silica, to soften more 
than 1,400 gpm continuously and to 
reduce the total hardness from about 
270 ppm in the raw water to 50 ppm 
in the finished water. Turbidity in the 


Pig. 3. Two Converted Tanks at a Small Plant 


Conversion of two concrete tanks has allowed this plant at North Miami Beach, Fla., 


to meet growing needs. 


private water company that previously 
served the area. The facilities included 
two concrete tanks, 30 ft in diameter 
and 15 ft deep, used to soften the well 
supply under a fill-and-draw system of 
operation. The village, through a con- 
sultant, prepared plans for converting 
the two tanks to upflow units by the 
addition of appropriate equipment. As 
bids for equipping the two units ex- 
ceeded the available funds, it was de- 
cided to start with one unit. The 
specified capacity for a single unit was 


Capacity of the two upflow units is 2,800 gpm. 


effluent of the upflow units averaged 
1-2 ppm. 

By the end of 1952, the demand had 
increased to an average of 1,250 gpm. 
In 1953 additional equipment was pur- 
chased and installed in the remaining 
tank, thus giving a capacity of 2,800 
gpm, which may suffice for a few years. 

The interesting feature of this instal- 
lation is that no change in the tank 
structure was necessary. The influent 
was brought in over the top of each 
tank, a new steel effluent trough was 
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attached around the inside wall at the 
water surface, and a suitable effluent 
pipe was connected to this trough. 
The mechanism in the tank was sup- 
ported on new steel beams spanning it. 
A special sludge well was included 
with the equipment to avoid disturbing 
the tank floor. The sludge from the 
low-magnesium water thickens quite 
rapidly and is bled off into a holding 
tank, from which it is pumped to a 
lagoon. Every one concerned seems 
pleased with the new facilities, which 
have provided a great increase in ca- 
pacity without the necessity of building 
new tanks. A view of a finished up- 
flow unit is shown in Fig. 3. 


Ardmore 


Ardmore, Okla., is engaged in the 
construction of additional facilities. 
The original water treatment plant in- 
cluded a typical coagulation basin, 40 
ft wide and 100 ft long, with a 12-ft 
water depth. The engineer recom- 
mended that this basin should be con- 
verted to a high-rate upflow type. The 
water source is a lake requiring occa- 
sional softening and turbidity removal, 
using lime, alum, and silica as coagu- 
lants. As originally designed, the 
basin produced an average of 5.8 mgd 
(equivalent to 1 gpm per square foot), 
with a maximum of 8.0 mgd, nearly 
140 per cent of average. Owing to 
hydraulic conditions at the influent end 


TREATMENT PLANT IMPROVEMENTS 309 


of the plant, the water depth in the 
converted unit could not exceed 12} ft. 

Plans call for two upflow units, the 
water entering the basin through a new 
pipe and passing into a tee with 
branches going to each of the units. 
Two new circular overflow launders 
and new effluent launders along the 
long side of the tank will be required 
to handle the increased flow. 

Owing to the shallow tank depth, it 
was necessary to cut into the tank floor 
to construct the sludge concentration 
wells, but no serious problem was pre- 
sented. To utilize the full tank depth, 
the outer face of the launders was 
sealed against the side walls, permit- 
ting the water level to reach the top 
of the concrete walls. 


Conclusion 


The illustrations discussed are typi- 
cal of the variety of methods which can 
be used to overcome handicaps in older 
plants with a minimum of expenditure. 
Careful studies are advisable for each 
problem, because no two are alike. 
The fact that alterations and improve- 
ments can be made in existing struc- 
tures built as long as 40 years ago is 
a tribute to the quality of the construc- 
tion work in the water plants. Super- 
intendents and operators would do well 
to examine their plants carefully when 
increased capacity is needed. There 
are many ways of adapting new ideas 
to old installations. 


Development of Adequate Water Rate 
Structures in North Carolina 


Richard Hazen 


A paper presented on Nov. 9, 1954, at the North Carolina Section 
Meeting, Asheville, N.C., by Richard Hazen, Partner, Hazen & Saw- 


yer, New York. 


ATER and sewer rates should 

yield enough revenue to finance 
the works on a sound basis, and should 
be arranged so that small and large 
users, inside and outside the city limits, 
pay their proper share of the costs. 
These basic requirements apply equally 
to municipally owned and privately 
owned works. There are, however, 
important differences between munici- 
pally and privately owned works in the 
legal and financial arrangements. This 
paper is concerned principally with 
municipally owned systems. 

The importance of adequate revenue 
is so obvious that there should be no 
need to dwell on it. Many super- 
intendents, however, boast of the fact 
that their utility rates have not been 
changed for 20 years or more. They 
do not realize that the utility has been 
losing ground steadily. This loss is 
usually reflected in three ways: [1] 
inability to pay adequate salaries and 
to maintain a staff competent to oper- 
ate the system; [2] inability to finance 
even small! replacements and repairs as 
they are needed; and [3] absence of 
any reserve to help finance major 
improvements. 

On the other hand, some water de- 
partments have a long history of mak- 
ing money for the community, and 
each year substantial sums are taken 


from the department for general mu- 
nicipal purposes. Although this prac- 
tice may assure revenue for the utility 
when it is needed, rates much in ex- 
cess of actual needs are undesirable in 
that they constitute a form of indirect 
taxation. One objection to financing 
water and sewer departments entirely 
out of rates is that too much of the 
burden is placed upon the actual users 
of the utilities and not enough upon 
all property owners who benefit from 
the existence of the systems. Water 
rates that yield revenue substantially 
in excess of needs aggravate this 
situation. 


Self-supporting Basis 


There is much popular approval to- 
day for putting both the water supply 
and sewer systems on a self-supporting 
basis. This has been common practice 
in the water works field for many 
years, but is relatively new for sewer 
systems, historically financed from 
general tax revenues or special assess- 
ments. The self-supporting procedure 
runs counter to the recommendations 
made by a joint committee of the 
ASCE and the American Bar Assn. 
in a 1951 report on rate structures (1). 
The report stresses the fact that prop- 
erty owners benefit substantially from 
the existence of water and sewer sys- 
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tems, whether or not they actually use 
the facilities, and that they should help 
pay for the works. In recognition of 
this situation, the water and sewer 
rates are arranged in some communi- 
ties to provide only part of the needed 
revenue, the balance being obtained 
through front-foot assessments, gen- 
eral taxation, or a combination of both. 
This procedure is followed by the 
Washington Suburban San. Dist., the 
Los Angeles water department, and 
many other municipalities. 

The validity of the joint committee’s 
position is recognized in a 1954 
AWWA committee report (2). The 
AWWA committee, however, states 
that, because many cities are hard 
pressed to find sufficient property tax 
revenue for other municipal services, 
“ it would seem to be unrealistic 
to propose generally that any consid- 
erable amount of utility revenue be col- 
lected through property taxes as pay- 
ment for intangible benefits to prop- 
erty as a whole, no matter how alluring 
the theory upon which such proposals 
are based.” The AWWA committee 
concludes that “. . . most of the in- 
come will be derived from the water 
users and that the portion received 
from taxes, assessments, or other levies 
will usually be limited to: fire protec- 
tion; assessments on benefited prop- 
erty for main extensions; and occa- 
sionally some tax aid, grant, or dona- 
tion to help finance a major improve- 
ment.” It should be noted that even 
where a self-supporting system is fa- 
vored, it is common to require prop- 
erty owners and real estate developers 
to pay for water mains and sewer 
extensions. 


Establishment of Rates 


It is not possible to estimate future 
costs and revenue exactly, but efforts 
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should be made to establish rates that 
will be adequate for a period of 10 
years or more. Frequent changes in 
rates are undesirable from a public re- 
lations standpoint and make it impos- 
sible to schedule extensions and im- 
provements. In setting up a rate 
schedule, consideration must be given 
to: 

1. Capital expenditures necessary in 
the near future to provide adequate 
service. 

2. Increases in labor requirements 
and, particularly, in wages that must 
be paid to replace employees upon - 
death or retirement. 

3. Indirect costs, such as pensions 
and city overhead, that may or may not 
be charged to the utilities, depending 
upon the policy adopted. 

4. The effect of increasing rates on 
water consumption and sewage flows. 
(Where extensive water works im- 
provements are financed by water 
rates, or sewerage system improve- 
ments by a surcharge on the water 
rates, the increase in utility costs may 
be 50-100 per cent. An increase of 
this magnitude may affect industrial 
and commercial water consumption 
substantially. ) 

The determination of adequate water 
and sewer rates is not simply a matter 
of accounting. A thorough under- 
standing of the operations and engi- 
neering problems involved is essential. 
In determining sewer charges and spe- 
cial rates for treatment of industrial 
wastes, particular care should be taken 
to evaluate the real factors properly 
and to disregard the unimportant ones. 

The mathematics of rate making are 
far from precise, and it is important 
to know how far it pays to carry the 
calculations. This is particularly true 
under municipal ownership where 
plant and cost records often are not 


312 


kept in the detail required by public 
service commissions. For example, in 
allocating costs among various types 
of users, it is necessary to take into 
account not only operating costs, but 
also fixed charges on the plant invest- 
ment. The plant investment charge- 
able to each type of user can best be 
determined from a complete inventory 
and appraisal of the property or from 
an accurate record of historical costs. 
Under public service commission regu- 
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(rather than reproduction cost) less 
accrued depreciation is favored by 
most courts and commissions in fixing 
public utility rates. The reproduction 
cost method, however, yields a satis- 
factory base for estimating the rela- 
tive value of the various elements 
serving each type of consumer. It 
may be noted that the results at 
Greensboro, based on historical cost, 
were comparable to those at Raleigh 
and Winston-Salem where reproduc- 


TABLE 1 
Distribution of Consumers and Water Use 
Raleigh Greensboro Winston-Salem 
Class 
Inside Outside Inside Outside Inside Outside 
Consumers—per cent 
Domestic 83.8 12.7 90.6 6.4 91.9 | 4.6 
Intermediate 2.7 0.4 2.4 0.2 2.9 0.2 
Manufacturing 0.4 <0.1 0.3 0.1 0.4 <0.1 
Total 86.9 13.1 93.3 6.7 95.2 4.8 
Water Consumption—+per cent 
Domestic 35.9 5.2 38.7 2.5 32.4 1.3 
Intermediate 14.4 2.1 13.5 1.0 bP 0.7 
Manufacturing 36.4 6.0 21.5 22.8 45.8 2.1 
Total 86.7 13.3 73.7 26.3 95.9 4.1 


lation, private companies are required 
to keep such records. Under munici- 
pal operation, they may be incomplete 
or entirely lacking. In a recent water 
rate analysis at Greensboro, N.C., a 
fairly complete record of the plant in- 
vestment was found. At Raleigh and 
Winston-Salem, N.C., the records 


were inadequate, and it was necessary 
to prepare a very approximate repro- 
Historical cost 


duction cost estimate. 


tion cost less estimated depreciation 
had to be used. 

Finally, consideration must be given 
to the overall planning and engineer- 
ing of the systems, with particular 
reference to possible stage develop- 
ments in order to keep capital costs at 
a minimum until the works are needed 
and increased revenue will be avail- 
able to finance them. Where utility 
revenues are not adequate or where 
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utility surpluses have been tapped for 
other city purposes, municipal officials 
nearly always insist upon building gen- 
erously any major new works. The 
officials recognize that it is easier to 
get a large sum of money once than 
to return in a few years with a supple- 
mentary request. This method may be 
a political necessity, but it frequently 
eliminates step-by-step developments 
that would save the citizens money in 
the long run. 


Cost Allocation 


Once the total revenue requirements 
have been established, the problem is 
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surveys at Raleigh, Greensboro, and 
Winston-Salem. As the Greensboro 
report has not been made public, and 
rate matters are likely to be controver- 
sial, only a few data from this study 
will be presented here. The procedure 
and results obtained at Greensboro, 
however, were similar to those at the 
other two cities. 

The basic problem in these rate 
analyses was to break down the cost 
of providing water (and sewer) serv- 
ice into component parts, which then 
could be allocated on a_ reasonable 
basis among the various classes of 
users. 


TABLE 2 TABLE 3 
Distribution of Capital Costs Distribution of Operating Expenses 
Greens-| Winston- Greens-| Winston- 
Raleigh | Raleigh 
per cent | gor cont | per cont | | 
Supply works & Production 57.53 $3.2 38.9 
raw-water mains 34.0| 334] 31.0 Distribution §2.7| 34.9 50.4 
Filter plant & Meter reading, bill- 
pumping stations 27.0 | 22.2 19.4 ing, & collection 98} 11.9 10.7 
Transmission mains 14.4 8.9) 13.6 
Distribution system 24.6| 35.5) 36.0 Total | 100.0 | 100.0 | 100.0 
Total | 100.0 | 100.0 | 100.0 
| 


to fix rates so that the cost of service 
will be allocated properly among the 
several classes of users. It costs less 
to deliver a large quantity of water to 
a single manufacturing consumer than 
to furnish small quantities of water to 
a hundred domestic consumers. On 
the other hand, most of the water pro- 
duction costs are dependent only upon 
the quantity of water, and the same 
unit cost per gallon should be charged 
to large and small consumers. The 
principles followed in cost allocation 
and some of the problems faced may 
be illustrated by data developed in 


The first step was an analysis of 
water billings to determine how much 
water was used by consumers of vari- 
ous classes, inside and outside the city 
limits. Billings for a year were used 
except in one city where available data 
for representative months were substi- 
tuted. For purposes of this analysis, 
all consumers were divided into three 
categories: domestic, intermediate, and 
large or manufacturing. The limits for 
each (cubic feet per month) classifi- 
cation were: domestic, 0-3,300; inter- 
mediate, 3,300—33,000; large or manu- 
facturing, more than 33,000. 

These steps, which compare closely 
with those recommended by various 
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rate committees of AWWA and other 
societies, were used simply to permit 
the determination of the relative cost 
of supplying the average domestic con- 
sumer and the average large manufac- 
turer. In fixing the schedule, rates 
were selected which would provide a 
smooth decrease in unit water costs 
throughout the normal range of con- 
sumption, without reference to the 
classification. 

The differences in the distribution 
of consumers and water use at Raleigh, 
Greensboro, and Winston-Salem are 
indicated in Table 1. 


Capital Costs 


To determine the cost of serving 
each class of consumer, it was neces- 
sary to break down both debt service 
and operating expenses into compo- 
nent parts. Debt service was allo- 
cated among the several classes in pro- 
portion to the value or investment in 
water works serving each class, ac- 
cording to the following principles : 

1. All water users, regardless of 
size, should share the cost of supply 
works, pumping stations, filter plant, 
distribution system storage used for 
meeting normal peak demands, and 
transmission mains and principal dis- 
tribution system feeders. All mains 
larger than 12 in. and some of the 
12-in. mains were included in this 
category. 

2. Intermediate and domestic water 
users should share the cost of all other 
water mains 8 in. and larger. 

3. Domestic consumers alone should 
bear the cost of distribution mains 6 
in. and smaller. 

4. Chargeable directly to fire pro- 
tection are two-thirds of the elevated 
storage and all fire hydrants and guard 
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valves within the city. The portion 
of elevated storage chargeable to fire 
protection should be shared by all con- 
sumers, while the hydrants and guard 
valves should be charged to inside 
consumers only. (No attempt was 
made to segregate accurately other 
costs chargeable indirectly to fire 
protection. ) 

5. The division of capital costs be- 
tween city and suburban consumers 
within each classisfication should be on 
the basis of water consumption, except 
for fire protection. 

6. Fire protection costs should be 
allocated among all classes in propor- 
tion to the number of consumers in 
each class, weighted according to water 
consumption. (This was done by tak- 
ing for each class the average of the 
percentage of total consumers and the 
percentage of total consumption.) 
Some inequities in the allocation of fire 
protection costs are inevitable. Nor- 
mally, however, the large water user 
has an investment in property greater 
than the ordinary home owner and 
consequently derives a greater benefit 
from fire protection. 

An approximate percentage break- 
down of the capital investment in 
water works facilities, exclusive of me- 
ters and services, at the three North 
Carolina cities under study is shown in 
Table 2. These data include propor- 
tionate allocations of shop, office, and 
equipment items, as well as major pro- 
posed plant additions. The proposed 
additions do not include service lines 
and meters paid for entirely by con- 
sumers in two cities and almost en- 
tirely in the third. The proposed ad- 
ditions do not include water mains to 
be installed on a yearly basis from op- 
erating revenue. Allowing for this, 
the percentages chargeable to trans- 
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mission and distribution systems would 
be somewhat greater than shown. A 
significant fact, often overlooked in 
attempts to set up preferential rates 
for large users, is that 50 per cent or 
more of the fixed charges are for 
water production facilities. 


Operating Costs 


In allocating water works operating 
costs among the several classes of 
users, the following principles were 
employed : 

1. The cost of billing and meter 
maintenance was divided in proportion 


TABLE 4 
Recommended Water Rates at Raleigh 
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sions financed by the city out of annual 
revenues. It will be noted that the 
amount charged to water distribution 
in Greensboro is considerably less than 
that in Raleigh and Winston-Salem. 
This difference is due to the fact that 
major distribution improvements are 
not contemplated and that landowners 
are assessed for the cost of most distri- 
bution system extensions in Greensboro. 


Results of Analyses 


Although the details of the rate 
analyses at Raleigh, Greensboro, and 


Rate—¢/100 cu ft 
Monthly Use—cu ft 

Inside Outside 

City City 

0-3,200 30 60 

3,201-15,000 25 50 

15,001—50,000 18 36 

50,001-—500,000 12 24 

Over 500,000 10 15 


to the number of accounts in each 
class. 

2. Water production costs were al- 
located in proportion to the water con- 
sumed by each class. 

3. General operating expenses, prin- 
cipally maintenance of the distribution 
system, were allocated in proportion 
to the distribution system investment 
charged to each class of consumer. 

4. Distribution system extensions 
were charged to intermediate and do- 
mestic consumers only. 

An approximate breakdown of the 
water works operating expenses in the 
cities is shown in Table 3. The water 
distribution expenses include exten- 


Winston-Salem cannot be _ included 
TABLE 5 
Recommended Water Rates at Winston-Salem 
Rate—¢/100 cu ft 
Monthly Use—cu ft | 
Inside Outside 
City City 
0-3,400 28 56 
3,401-10,100 21 42 
10,101—33,500 16 32 
33,501-124,300 12 24 
Over 124,300 9 18 


here, the principal results and conclu- 
sions may be summarized as follows: 

1. The water rate to be paid by the 
average domestic consumer should be 
2-24 times as much as the rate paid 
by the average large manufacturer. 
Low industrial rates of less than one- 
third the domestic rate cannot be justi- 
fied in these cities. 

2. Outside-city consumers should 
pay from about 50 to 100 per cent 
more than inside-city consumers for 
water service. A rigorous analysis 
shows the outside-city consumers’ 
costs to be somewhat lower than these 
limits, but intangible factors which 
cannot be accounted for entirely in the 
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analysis justify some extra charge. 
The extra charge to a large suburban 
consumer should be less than that to a 
domestic suburban consumer because 
of the lower cost of water delivery 
and distribution to the former. 

The water rates recommended at 
Raleigh are shown in Table 4. The 
average cost of water under the old 
and under the recommended schedule 
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the three cities also included a gradu- 
ated minimum charge, varying with 
meter size, and special charges for 
private hydrants and sprinkler 
connections. 


Special Considerations 


Some situations require special con- 
sideration in fixing rates. For exam- 
ple, a large industrial consumer may 


is shown in Fig. 1. It will be noted want to purchase raw water. At 
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Proposed Rate Schedule at Raleigh 


Existing and proposed rate schedules are compared. 


that the relative cost to domestic and 
large users has remained substantially 
the same. The old rate covered both 
water and sewer service, without a 
surcharge. The proposed combined 
rate, with a sewer service surcharge, 
represents a 40 per cent increase. 
Water rates recommended at 
Winston-Salem are shown in Table 5 
and are compared with the old sched- 
ule in Fig. 2. Recommendations to 


Charleston, S.C., a paper company 
takes 30 mgd of raw water from the 
municipal system. The company’s use 
is nearly twice the total consumption 
of the rest of the city. This is obvi- 
ously a special case, requiring particu- 
lar treatment. In any event, a city 
should be careful not to commit itself 
to the sale of so much low-cost raw 
water that it will be obliged to seek a 
new and perhaps expensive source of 
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supply at an early date. The raw- 
water price should be high enough to 
pay a substantial part of necessary ad- 
ditional development. 

There is a growing movement for 
higher rates to cover water used for 
sprinkling and air conditioning. The 
basis for the extra charge is that these 
demands are limited to a few hours 
each day during summer. The facili- 
ties needed to supply the peak demands 
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pays for extensions. If all or part of 
the cost of extensions is assessed 
against the property, the cost of water 
distribution is proportionately less, and 
the domestic and manufacturing rates 
should be more nearly equal. 

The allocation of costs to serve 
outside-city consumers is not entirely 
satisfactory. There is plenty of justi- 
fication for higher rates outside the 
city, but sometimes the burden on the 
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Fig. 2. Proposed Rate Schedule at Winston-Salem 


Existing and proposed rate schedules are compared. 


are relatively large in comparison with 
the total consumption and revenue. 
The more homogeneous a community, 
the less justification there is for special 
rates. The development of an inexpen- 
sive water demand meter unquestion- 
ably would foster the adoption of de- 
mand charges similar to those in the 
electric-power industry. 

Water rates must take into account 
whether or not the property owner 


outside home owner is excessive. This 
is particularly true where the home 
owner pays for all of the water and 
sewer lines, either in the purchase 
price of his house or through assess- 
ment, and his area is annexed by the 
city within a short time. In such 
cases, the city usually acquires the utili- 
ties at no cost, and the suburban home 
owner is at a distinct disadvantage 
compared with a person who builds a 
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house within the city limits. Most 
municipal authorities agree, however, 
that the suburban owner enjoys bene- 
fits far in excess of what he pays 
through extra charges for water, 
sewer, and other services. These 
benefits usually cannot be measured 
accurately, but they contribute to the 
feeling that substantial surcharges for 
outside-city customers are justified. 


Fire Protection Charges 


The determination of fire protection 
costs in municipally owned systems is 
not as important an issue as it is in 
privately owned utilities. In some mu- 
nicipalities where hydrant rentals are 
paid to the water department, the pay- 
ments are offset by taxes or by dis- 
bursements from water department 
surplus into city funds. The chief ad- 
vantage in paying the water depart- 
ment for fire protection is that it makes 
possible allocation of the fire protection 
costs on the basis of property rather 
than on the basis of water consump- 
tion. Allocation of fire protection 
charges in accordance with water con- 
sumption alone is obviously unfair, 
except in an extremely homogeneous 
community. The inequities are appar- 
ent from a comparison of a laundry, 
which uses a great deal of water, with 
a sawmill or furniture factory, which 
uses practically no water at all. 
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In recent years peak water demands 
have become high in relation to aver- 
age demands. Many distribution sys- 
tems are loaded to capacity in the late 
afternoons to meet heavy sprinkling 
demands. At such times there is little 
reserve in the distribution system for 
fire protection, and chief reliance is put 
on the fact that other uses will be cur- 
tailed in the event of a large fire. Few 
cities have built up their distribution 
systems to provide for peak fire de- 
mand in addition to the high afternoon 
ordinary demands. Therefore, the 
portion of the distribution system 
chargeable to fire protection is rela- 
tively less than it was a few years ago. 
In most municipal systems, whether or 
not the direct costs of fire protection 
are allocated to property or are in- 
cluded in water rates, substantially the 
same rates would be charged. In pri- 
vate systems, hydrant rentals may form 
a considerable part of the total income, 
requiring detailed calculations to allo- 
cate costs properly. 
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HE greatest challenge that exists 

in this country today for water 
works men, engineers, designers, build- 
ers, real estate developers, and city 
planners is that of saving the nation’s 
cities from decay. America’s cities are 
being permitted to die slowly. The 
investment of labor and capital made 
by past generations is going to waste 
because of failure to modernize the 
older areas and to control adequately 
sanitation and other problems of sub- 
urban or fringe area development. 

An authority has stated that by 
1963, unless action is taken now, most 
cities will be places few people will 
want to live in, work in, or even visit. 
It has also been said that the greatest 
city in the world, New York, is being 
permitted to decay and go bankrupt. 
New slums are being created faster 
than old ones are being eliminated. 

If the disintegration and economic 
blight of the nation’s cities are to be 
prevented, facts must be collected and 
analyzed, in order to formulate a plan 
that will control future development, 
stimulating or retarding it as required. 


Objectives of Plan 


1. City planning should have as its 
chief object the avoidance of costly 
reconstruction. 

2. A reasonable plan, once decided 
upon, should be adhered to in its es- 
sential features. Demands for depar- 
ture from it are likely to be encoun- 


tered from those who are actuated by 
selfish interest or who are unable to 
look beyond their own limited horizon. 

3. The city plan must supply an 
objective towards which the city may 
grow. It is not something to which 
the city must be restricted or within 
which it must be confined. With a 
plan, there is no such thing as a big 
job. Any job, regardless of size, can 
be broken down into smaller tasks, 
which will complete the larger work 
in accordance with the overall aim. 

4. The plan must be the key to the 
community’s future. When a long- 
range program is laid out to be worked 
toward, with the cooperation of city 
officials, engineers, utility companies, 
contractors, and others, the need for 
speculation about future development 
is completely eliminated and the way 
is cleared for the best possible use of 
community dollars and facilities. 


Streets 


The modern city owes its growth 
and prosperity to its facilities for inter- 
nal communication. A heavy penalty 
must someday be paid for the lack of 
an orderly arrangement or system of 
main streets. Costly street widenings 
and construction of new street connec- 
tions inevitably become necessary. 

The chairman of New York City’s 
board of transportation has stated that 
if cities are not freed from traffic 
strangulation soon, there will be no 
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cities; they will become ghost towns. 
Vehicle registrations are increasing 
at the rate of 3,500,000 a year. Ade- 
quate parking facilities are extremely 
important. Making it easier for the 
motorist to park his car is as impor- 
tant as providing the streets leading to 
the downtown area. 

A recent survey made in eighteen 
cities, most of them with less than 
100,000 population, showed that the 
average value of a single parking space 
in terms of retail sales produced was at 
least $20,000. Silver Springs, Md., 
with 75,000 population, has added 
2,000 off-street parking spaces since 
1945, resulting in a fivefold increase 
in real estate values. 

The cost of pickup and delivery 
truck operation is said to average 5-10 
cents per minute. Thus, a 10-min de- 
lay due to driving around the block to 
find a place to park may add $1.00 to 
the delivery cost. 

Traffic congestion is the most seri- 
ous single problem of the cities. The 
life of a city is as dependent upon the 
adequacy and efficiency of its streets 
and traffic system as the human body 
is on the proper circulation of its 


blood. 
Zoning 


Zoning for density of land use makes 
it possible for water, sewer, gas, elec- 
tric, and telephone utilities to plan fu- 
ture extensions of service in an orderly 
and economical manner. Where there 
is no plan, the utilities are in difficul- 
ties. They cannot tell how much elec- 
tricity, gas, and water must be pro- 
vided at some future date. 

Cities must plan for the development 
of factory areas with at least as much 
care as they use in planning for areas 
of single or multiple dwellings. Plan- 


GEORGE C. 


AHRENS Jour. AWWA 
ners must recognize that industry cre- 
ates the economic base necessary to 
finance the construction of a beautiful 
city. Industrial districts must be sta- 
bilized by providing sound neighbor- 
hood plans and zoning regulations. 
The mistake of putting gracious living 
ahead of the economic means of life 
must not be made. It is highly impor- 
tant that potential industrial ground 
should not be rendered sterile through 
encroachment by so-called higher types 
of development. Conversely, a well 
developed residential area should not 
be encroached upon by industry. 

If there is to be a real park system, 
it must be designed comprehensively 
to fit in with all the other elements of 
the plan. Land which in time would 
make the best parks is often passed 
over as unsuitable for construction be- 
cause of high development costs due to 
steep hillsides, creeks, meadows, and 
woods. The city must be ready to take 
advantage of unexpected opportunities 
to acquire such land or to correct 
defective conditions at a minimum of 
expense. 

Public buildings should be located 
where the conduct of public business 
is convenient. Their design and con- 
struction should give a favorable im- 
pression to visitors. 


Fringe Area Growth 


Fringe areas and suburban develop- 
ments have grave sanitation problems. 
Typhoid fever has been eliminated 
from municipal water systems, but still 
persists in outlying areas. 

The mayor of Modesto, Calif., has 
stated that his city is a good example 
of unplanned sprawl. It is an urban 
community of 55,000 people, more than 
35,000 of whom live outside the city 
limits. The suburban area has devel- 
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oped without a plan, without zoning, 
and without building standards. The 
35,000 suburbanites have no sewers, 
limited police and fire protection, es- 
sentially no parks, and no street light- 
ing. Imagine 35,000 people without 
a sewer system, 10,000 septic tanks 
and cesspools in a modern urban com- 
munity! Modesto and the suburban 
areas now have a joint rehabilitation 
program. 

These conditions arose as the result 
of piecemeal and haphazard develop- 
ment by promoters for quick profit. 
Money was made at the expense of the 
city which was expected to provide 
water and other services. Lack of 
proper planning results in problems 
and higher taxes when the mistakes 
which could have been avoided have 
to be corrected. The city and the 
suburb must find some way to equalize 
financial burdens and to plan jointly 
for the area in which they both belong. 

The growth of cities may be com- 
pared to that of the iris plant. If a 
single iris is planted and allowed to 
grow unmolested, in a few years it 
will have branched out and become a 
large, round clump. In time, however, 
the old bulbs or rhizomes pile up in 
the center and decay, while about the 
periphery new irises continue to extend 
the circle. Many cities are in this con- 
dition today, spreading out over new 
areas while the center rots. 

William Zeckendorf, a prominent 
figure in the real estate world, in an 
address to the Harvard School of De- 
sign, at Boston, Mass., made these 
statements: “Here is a city in which 
there are five billion dollars or more 
invested. Try to save it from disinte- 
gration and economic blight, [a sure 
result] if you do not do something 
about the core which you are permit- 
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ting to rot. Ifa city grows at its edges 
and nothing is done to rehabilitate the 
central area, only municipal bank- 
ruptcy [lies] ahead. Our firm is so 
concerned about Boston that it would 
not buy any real estate here. We be- 
lieve that Boston, with its high tax 
rate, is going to go broke.” 


Rehabilitation 


Ten years ago Pittsburgh, Pa., was 
the dirtiest city in the United States. 
The air was polluted with smoke, traf- 
fic was snarled, low ground was con- 
stantly being flooded, and industry was 
moving away. Then came the “Pitts- 
burgh Plan,” concerned with the re- 
development of the downtown section 
called the “Golden Triangle.” 

Richard Mellon was the man re- 
sponsible for the Pittsburgh rehabilita- 
tion, by inducing private capital to co- 
operate with the city government. 
Business is no longer leaving, but is 
moving into Pittsburgh. Floods have 
been reduced by upstream dams. 
Other cities are asking what suddenly 
happened to Pittsburgh. 

Other outstanding examples of re- 
development are Cleveland, Philadel- 
phia, and Chicago, each with a total 
of $200,000,000 in projects. The 
slum-clearing programs of Baltimore, 
Indianapolis, and Milwaukee, along 
with the smog cleanup campaigns of 
Pittsburgh, St. Louis, and Los An- 
geles, are other instances. Boston has 
started a $200,000,000 redevelopment 
project for the downtown area. 

Because of the decay and obsoles- 
cence that have been permitted to de- 
velop in American cities, over one- 
third of the nation’s families are living 
under conditions below modern health 
and sanitation requirements, Cer- 
tainly, no one wants to go back to the 
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days when typhoid fever, dysentery, 
and summer diarrhea were common- 
place. Yet in many areas there is 
being created the very environment in 
which these diseases once flourished. 

The basic shortcomings of cities as 
places for family living are that many 
sections are ugly, worn out, run down, 
or just drearily monotonous. Lots are 
too small for a game of croquet or even 
a modest flower and vegetable garden. 
Houses are too close together for pri- 
vacy or safety from fire hazards. City 
blocks are too small and residential 
streets carry too much traffic, with all 
its noise, fumes, and danger to life. 
Little allowance has been made for 
neighborhood playgrounds. 

American cities do have many good 
features, and great improvement can be 
accomplished through simple face-lifting 
procedures. Structurally, houses today 
are not very different from those built 
200 years ago. Well built and well 
maintained houses do not lose their use- 
fulness in 25 or even 50 years. Neigh- 
borhoods deteriorate largely because of 
indifferent maintenance owing to low- 
ered living standards. Areas depreci- 
ate because of the intrusion of such 
undesirable elements as shops, taverns, 
gas stations, or overcrowded dwellings, 
resulting from unjust tax schedules 
and zoning classifications. 

If deterioration has not gone too far, 
many neighborhoods can be reclaimed 
and made attractive. These areas may 
retain their residential values for years 
with some repairs, remodeling, paint- 
ing, and planting of trees and shrubs. 
Some neighborhoods can be given a 
new lease on life by condemning the 
most substandard block of houses and 
replacing them with a park and 
playground. 

Cities must be made and kept attrac- 
tive and efficient, for the largest por- 
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tion of the inhabitants of the United 
States live in urban areas. One hun- 
dred years ago less than 5 per cent of 
the population lived in cities. Fifty 
years ago the urban population was 
only 20 per cent. Today 100,000,000 
people, 65 per cent of the nation’s popu- 
lation, are concentrated in urban areas. 


Conclusion 


Municipal planning must cover 
streets, zoning, parks, civic centers, 
fringe area development, and rehabili- 
tation if city living is to be convenient 
and dignified. Congestion makes life 
in the city expensive, difficult, uncom- 
fortable, and inefficient. Ugliness fol- 
lows disorderliness. 

Of particular concern to water 
works men is the establishment of cri- 
teria for land development which will 
help them plan future extensions. 
From a zoning map, the population 
density for each area can be deter- 
mined. Manufacturing and industrial 
areas can be permanently established. 
The major-street plan will indicate the 
location of future street extensions and 
right-of-way widths. By means of this 
information, water main extensions can 
be efficiently planned, with the assur- 
ance that they will serve future needs. 
The mains can be properly located, to 
avoid costly future construction. 

Water works men are associated 
with important elements of city plan- 
ning. Their professional advice is 
needed in deciding which areas should 
be developed first to make the most 
economical use of existing facilities. 
From the standpoint of the future wel- 
fare of a community, the water works 
undertaking is a most important one, 
because, next to air, water is the most 
precious commodity available to man. 


Management Attitude Toward 
Safety Engineering 


Kenneth N. Beadle 


An address presented on Oct. 29, 1953, at the California Section Meet- 
ing, San Francisco, Calif., by Kenneth N. Beadle, Director of Safety, 
Pacific Intermountain Express Co., Oakland, Calif 


AFETY engineering is a vital sub- 

ject, and one that should be of 
primary interest to management. Un- 
fortunately, all too often this group 
has a short-sighted attitude toward 
safety engineering. My purpose is to 
help elevate the level and importance 
of the field of accident prevention, 
and to motivate action among those 
of you who can do something about 
its position and status within your 
organizations. 

Although I am attempting to stress 
accident prevention, do not forget that 
good employee relations are an essen- 
tial requisite for harmony in any or- 
ganization. It has been said that you 
can buy a man’s time, but his loyalty 
and enthusiasm must be _ inspired. 
With the foundation of good employee 
relations and the practice of wise pub- 
lic relations, you will be provided with 
some of the basic tools for safety engi- 
neering. Having an employee satisfied 
is tantamount to having him perform 
safely. 

Some companies, when confronted 
with a cost curtailment program, begin 
by lopping off safety activities. This 
is hardly a proper application of the 
principle of “safety first.” Ironically, 
this type of alleged cost control actu- 
ally cuts off the most profitable activity 
on the books. Needless accident costs 
are staggering—especially those which 


do not appear on paper. The kind of 
management that is blind to the need, 
purpose, and function of safety engi- 
neering hurts industry and is damag- 
ing to the whole American economy. 

I would like to tell you something 
about my firm’s experience with a 
safety program. Between 1946 and 
1952 the company was able to reduce 
its total vehicle accident costs while 
increasing its road miles 150 per cent. 
This meant that, in cutting over-the- 
road accident rates by more than 50 
per cent and city fleet accident rates 
by more than 75 per cent, management 
was also able to reduce its ratio of loss 
to gross revenue by approximately 75 
per cent. 

If you assume that this came about 
by chance, or was the product of spe- 
cial financing, you are mistaken. You 
will agree, I am sure, that I have some 
evidence to prove that I am not just 
theorizing about cutting accident costs. 

It is up to management to push a 
safety program forward. To my 
knowledge, in every organization 
where there have been successful re- 
sults the top man has either initiated 
the program himself or was actively 
motivated by the promoter. 

Industrial injuries and the cost of 
workmen’s compensation are a major 
expenditure in many organizations. 


Yet some are apparently oblivious to 
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the fact that something can be done 
to reduce this cost, and that the dollars 
spent on one serious injury claim could 
have been used as salary for a man 
placed in a position to prevent many 
more needless injury costs. 

I am not talking about a man who 
hangs up safety posters. That ancient 
concept of a safety engineer unfortu- 
nately still exists in the minds of some 
uninformed and unintelligent members 
of management today. It is, perhaps, 
a carryover from the days of the un- 
educated and untrained safety man in 
the blue shirt, suspenders, baggy pants, 
and old hat who walked around trying 
to find something wrong wherever he 
went. 

At the close of 1949 a loss ratio of 
62 per cent in workmen’s compensation 
presented my company with a chal- 
lenge. It meant that $53,000 had been 
spent to pay for occupational injuries— 
not premium, not intangible costs— 
just medical bills and compensation 
payments. At the end of 1952, my 
firm had 520 more employees than in 
1949, but the loss ratio was 19.7 per 
cent. From a direct cost of $53,000, 
the figure had dropped to $25,000, and 
the cost per employee had fallen from 
$36 to $13. This experience indicates 
that management can afford to have 
someone on the payroll for safety 
activities. 


Important Questions 


Do you know exactly the amount of 
money workmen’s compensation is 
costing you? Do you know whether 
your company rate is lower or higher 
than the average rate for the industry 
in your state? What is the trend of 
your loss ratio—up or down? Have 
you examined your workmen’s com- 
pensation setup to determine whether 
you should be self-insured or should 
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buy insurance? If you are buying it, 
are you buying it correctly? What 
are you doing about industrial accident 
prevention? Is it merely lip service, 
or do you administer a specific and 
workable program of activities, with 
full-time promotion, education, and 
supervision for the prevention of occu- 
pational injuries ? 

Safety is not free of cost. Selling 
or teaching safety requires a sound, 
well planned, and comprehensive pro- 
gram of education. I have yet to find 
education free of charge. 

There is far too great a tendency to 
accept the inevitability of accidents, 
and not enough resolute decision to 
employ concerted preventive measures 
that can stop most mishaps. Safety 
is said to be a matter of common sense, 
but there is a percentage of the popu- 
lace that does not have common sense. 
If accidents are recorded as careless- 
ness, that tells nothing. It is an alibi 
that precludes thorough investigation, 
closes the door on accurate analysis, 
and prevents knowing the real cause. 
It must be noted who was careless, in 
what way, and why. 


Conclusion 


In the final analysis, management 
policy and its enforcement determine 
accident and injury loss ratios. When 
operating costs are subtracted from 
revenue, and the figure that is left 
seems too small, take another look at 
the expenditure for accidents, from 
which you get no return. This de- 
plorable expense is created by blunders 
erroneously called accidents. 

An enlightened management has 
proved, and will continue to prove, that 
safety engineering, if it is also sound 
human engineering, is an integral part 
of, and fundamental to, efficient opera- 
tion in any industry. 


Considerations in Water Works Safety 


Wendell R. LaDue 


A paper presented on Nov. 9, 1954, at the West Virginia Section Meet- 
ing, Huntington, W.Va., by Wendell R. LaDue, Chief Engr. & Suft., 
Bureau of Water Supply, Akron, Ohio. 


ACH year there are impressive and 

shocking statements to the effect 
that public employees represent the 
largest single group in the United 
States not subject to formal safety 
standards, regulations, and programs. 
Quite obviously, and fortunately, there 
are outstanding exceptions to this gen- 
eralization, particularly among water 
works. These exceptions, however, 
point out forcefully the widespread 
need for positive action. The water 
works industry realizes that it is obli- 
gated to do everything within its 
power to prevent employee accidents 
and attendant suffering. Surely the 
industry will not long tolerate unsafe 
working conditions, unsafe supervision, 
or unsafe personnel. Good planning 
will eliminate the physical hazards of 
the job, but human engineering alone 
will create the desire in the individual 
to acquire a safe work philosophy ex- 
pressed in safe work habits. 

In December 1950 a group formerly 
known as the Public Employee Safety 
Committee took its place among the 25 
industrial sections of the National 
Safety Council as the Public Employee 
Section. Thus, federal, state, county, 
and municipal officials concerned with 
employee safety now have representa- 
tion in the organization, and the public 
employee has gained official recogni- 
tion in safety affairs. The importance 


of this step may be more fully appreci- 
ated when it is realized that about 6,- 
000,000 public employees are involved. 

Water works men are not only pub- 
lic employees but also public utility em- 
ployees. In the National Safety Coun- 
cil, there has existed for many years 
a division known as the Public Utili- 
ties Section, composed of groups rep- 
resenting the power, communications, 
and gas industries. In 1952 the water 
utilities received further assistance by 
being added to this section, thus gain- 
ing the accumulated knowledge of the 
group, as well as the prestige accom- 
panying utility recognition. 


Need for Coordination 


Water works employee safety has 
not been a problem of inactivity but 
rather one of lack of coordination. In 
those few cities which have safety pro- 
grams, water works activities are usu- 
ally compared on the same basis as in- 


dustrial plants. No water utility of- 
ficial can justify, year after year, per- 
mitting employees to suffer 3-30 times 
the number of disabling injuries that 
are suffered by a like number of em- 
ployees of a well managed private in- 
dustry. Statistics now available would 
indicate that such a condition does ex- 
ist. Injury record systems are not yet 
in vogue in enough water utility units 
to provide complete verification. Some 
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cities have excellent programs, notably 
San Diego and Oakland, Calif.; De- 
troit: Cleveland, Ohio; Baltimore; 
and New York, Akron, Ohio, has a 
plan 15 years old (1). 

Full opportunity must be given for 
employees to take a prominent place 
in the operation and application of a 
safety program. Management must be 
awake to this possibility as old and 
new employees alike come forward to 
learn new and improved methods for 
their own protection. Safety is not a 
one-shot affair, but the results of a 
well thought-out plan. Water works 
operations are similar to those of other 
industrial establishments, and there is 
no valid reason not to use well known 
and long established means of employee 
protection. Nor is there any doubt 
that an individual water works can do 
an outstanding and effective job in its 
own sphere of activity if its manage- 
ment will take the time. Better results 
could be produced, however, if the 
safety program received stimulation 
from group effort, from opportunities 
for comparison with others in the 
water works field, and from pooling of 
experiences and ideas. 

Water works have been slow in ap- 
plying and recognizing the benefits of 
a comprehensive safety program. 
Only the individual water utility itself 
can say why. If a generalization is 
justified, however, it is that water util- 
ity agencies, like small industrial plants 
and service organizations, have been 
slow to grasp the relationship of active 
safety programs to both economy and 
efficiency of operation. 

Water works are not unaware of the 
problem, but, in the main, they have 
been acting like small industries. To 
put it another way, most of the success- 
ful accident prevention programs are 
those carried on by large private em- 
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ployers. The reasons for this situation 
are too complex for discussion here. 
Competitive pressure is obviously one 
factor, and centralized control and au- 


thority is another. Modern cost- 
accounting systems are also a factor, 
as are legislative and union pressures. 
The fact is, big private industry has a 
virtual monopoly on permanent and ef- 
fective safety work. Small industry 
(of which the water industry is a part, 
even though, paradoxically, it is col- 
lectively big business) must and will 
learn that safety is a necessity. 


Stimulation of Interest 


Apathy on the part of a water works 
can be changed to active interest chiefly 
by positive, insistent demand from the 
top executive management. It is an 
axiom in the safety field that an or- 
ganization has no more employee in- 
juries than top management will allow. 
It is extremely important for the em- 
ployee to have the right attitude to- 
ward safety. Management has the re- 
sponsibility to do everything possible 
to see that he has that attitude. If top 
authority shows no regard for the 
safety of employees, unsafe conditions 
will exist and inevitably breed emi- 
ployee injuries. Neither the public 
nor utility employees can be expected 
to be deeply concerned over the pre- 
vention of accidents unless manage- 
ment officials are, too. 

A good safety program is an element 
of successful business. It will force 
recognition and acceptance upon any 
manager. It is just as important as 
selecting a proper source of supply, 
finding a suitable plant site, hiring 
proper personnel, or purchasing neces- 
sary tools, equipment, and materials. 
Positive recognition and interest shown 
by the chief executive of a water utility 
will, of course, be translated into 
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equally active interest on the part of 
supervisors through the usual channels 
of training, upgrading, persuasion, and 
other devices by which executive or- 
ders get carried out. 

Apathy can be changed to active in- 
terest through the many types of activi- 
ties which go into a good safety pro- 
gram. The specific procedures and 
materials for creating and maintaining 
interest in safety are available from the 
National Safety Council, insurance 
companies, and the US Dept. of Labor, 
and will soon be published in the man- 
ual developed by the Safety Committee 
of AWWA. 


Value of Safety 


Safety programs are obviously good 
business for water utilities. Other- 
wise, the wealthiest, most powerful, 
most competitive industries in the 
world would not be supporting such 
programs with large budgets for set- 
ting up safety departments, hiring 
trained personnel, and insuring safe 
procedures in industrial processes. 

Furthermore, safety programs pro- 
vide good employee relations, good 
public relations, and good protection 
against legislative control. A man 
who has his house in order need not 
fear the approach of authority to make 
it so. This is something more than 
humanitarian interest. The experi- 
enced utility manager knows that 
safety is good business. He realizes 
that the establishment of policies, pro- 
cedures, and practices for the safety of 
employees is a primary responsibility 
of management, and that safety is not 
to be sacrificed or jeopardized in any 
way by loose thinking or inertia. 


Accident Classification 


Accidents may be classified by cause, 
the categories differing with the indi- 
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vidual water utility. Such an analysis 
should be one of the first steps in a 
safety program, as the results will 
show where an accident prevention ef- 
fort is most needed. 

The difference between a minor in- 
jury and a severe one may include an 
element of chance. It is important 
that the facts of each accident be ob- 
tained. Descriptions of procedure on 
cause analysis are available from safety 
agencies. Cause classifications are not 
difficult. They consist chiefly of 
common-sense breakdowns of actual 
case histories, indicating the unsafe 
acts and conditions which cause the 
most frequent or the most serious in- 
juries. Remedial measures are more 
readily administered’ with such catalog- 
ing. For example, if many meter 
readers are bitten by dogs, a remedy 
can be sought. If one meter reader 
is bitten by many dogs, another meter 
reader may have to be sought. All 
employees would not have the same 
responsibilities for achieving safety, but 
each would have some responsibility. 


Small-Utility Programs 


A safety program can be applied by 
small utilities which cannot afford a 


safety director. Safety is not neces- 
sarily a specialty; it is generally a 
product of common sense. Almost 
any competent administrator or de- 
partment foreman knows enough about 
how to do the job right, and safely. 
Safety, in its essence, is simply doing 
an operation correctly and under con- 
trol. Accident prevention is nothing 
more or less than the control of an 
operation, which likewise involves con- 
trol of persons and their potential un- 
safe acts. It is part of a well organized 
plan of procedure. 

Small utilities are not doomed to 
have high injury rates. Again, it is 
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a matter of control, sometimes very 
personal, but results can be accom- 
plished. Small plants—those with 
fewer than 500 employees—at present 
have about 24 times the injury rate of 
large plants. The cause is failure to 
act rather than inherent difficulty. 
This point has been proved many 
times by the success that small enter- 
prises have had in controlling their 
injury problem when the management 
recognized the problem, analyzed the 
causes, developed a solution, and acted 
vigorously and intelligently. Safety is 
not so intangible that it cannot be 
achieved, nor need it be expensive. 


Elements of Safety 


According to the National Safety 
Council (2), the basic elements of 


safety organization, which can be read- 
ily applied to a utility, are: 


1. Management leadership. This 
requires assumption of responsibility 
and a declaration of policy by the chief 
executive or manager. 

2. Assignment of responsibility. Ili 
the chief executive cannot personally 
take charge of the safety program, he 
should make someone else responsible 
and give him time and full authority 
to do the job. 

3. Maintenance of safe working con- 
ditions. This involves the correction 
of known unsafe working conditions 
and the provision of personal protec- 
tive equipment where such conditions 
cannot be wholly corrected. 

4. Safety training. Supervisors, 
however well trained in their jobs, are 
not fully capable unless they know how 
to handle people. Workers need to 
know the elements of their jobs, par- 
ticularly the simple ones which so often 
are taken for granted. 

5. Accident records. The adminis- 
trator must know enough about what 
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is happening and how it is happening 
to make the safety effort intelligent 
and effective. These records should 
be made available to all. 

6. Medical and first-aid care. A 
good safety program involves place- 
ment examinations, the treatment of 
injuries, and health care. 

7. Acceptance of personal responsi- 
bility by employees. This involves not 
only job training but the creation of 
interest in the safety program on the 
part of employees. Interest is very 
necessary, because safe practices will 
not be followed by an unwilling em- 
ployee and cannot be enforced ade- 
quately by supervision. 

The water industry is not now a 
relatively safe field. The 1953 record 
compiled by the National Safety Coun- 
cil shows an accident frequency of 
23.19 for water works and a severity 
of 0.93. These figures can be taken 
only as an indication, because not 
many water departments compile and 
report standard frequency and severity 
figures. It is reasonable to assume, 
however, that more data would not 
decrease either rate materially. Or- 
ganizations which have enough of a 
safety program to keep such figures 
and report them to the National Safety 
Council (presumably as members) 
generally have a better injury experi- 
ence than enterprises which do not 
compile or report accident statistics. 


AWWA Activities 


One association which has shown 
more than usual interest in the devel- 
opment of safety operations among its 
members is AWWA. Perhaps more 
than any other group, including gov- 
ernment agencies, it has printed safety 
articles in its national publications, col- 
laborated in planning safety work, and 
shown its willingness to further a 
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safety program. At the January 1950 
meeting of the Board of Directors, the 
author, as chairman of the Committee 
on Water Works Administration, di- 
rected the Board’s attention to the gen- 
eral lack of safety programs among 
water works. He stated that this sub- 
ject would receive intense committee 
attention during the 1950 Conference. 
At the January 1951 Board meeting, 
a task group was set up to study the 
problem. The group report at the 
1951 Conference was met by unusual 
and extended floor response. 

At the January 1952 Board meeting, 
the author obtained approval for the 
establishment of four task groups to 
study and report on safety practices 
in: [1] supply; [2] treatment and 
pumping; [3] distribution; and [4] 
administration. Personnel of these 
groups are now actively engaged in 
safety studies. Much concrete evi- 
dence of progress was reported at the 
1953 Conference, and a safety manual 
was proposed. No recent AWWA ac- 
tivity has brought forth greater spon- 
taneous membership participation. The 
manual will be published during 1955. 
Although it will fill the need for an 
authoritative approach to the water 
works safety problem, the most valu- 
able result will be the building up of 
safety consciousness among the em- 
ployees of water utilities everywhere, 
and especially among the members of 


AWWA. 
Conclusion 


The president of the National Safety 
Council, N. H. Dearborn, said recently 
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that safety is a race, an unending com- 
petition in which man must everlast- 
ingly learn new methods to deal with 
new problems which his own ingenuity 
has created. In industrial employee 
overturn, personnel will be lost, new 
men will be employed, and new prob- 
lems will develop, while old ones re- 
main. Utilities can ill afford the loss 
which accidents will bring, especially 
at a time when good employees are 
hard to find and harder to keep. 

Human error, or lack of regard for 
the obvious, is said to be the most im- 
portant contributing factor in accidents. 
Man knows the techniques of safety, 
but he lacks the will and the self- 
discipline to maintain the proper atti- 
tude toward safety. The success of 
numerous industries in reducing work 
injuries proves that the application of 
known preventive methods by utility 
personnel and management working 
together can materially reduce em- 
ployee accident toils. The author be- 
lieves that the immediate need is to 
obtain and disseminate better knowl- 
edge of the types of accidents, as well 
as information on their cause and con- 
trol. The activities which are being 
undertaken by an increasing number 
of cities in cooperation with the Na- 
tional Safety Council and the AWWA 
will fill that need. 
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Infestation of the Norwich, England, 
Water System 


S. N. Kelly 


A contribution to the Journal by S. N. Kelly, Engr. & Mgr., Water 


Dept., Norwich, England. 


E city of Norwich, in Norfolk, 

England, obtains its water from 
the Wensum River, a sluggish stream 
draining about 256 sq miles above the 
point of intake. The catchment area, 
although studded with small towns and 
villages, consists principally of agricul- 
tural land. The water works supplies 
not only the city but also an adjacent 
rural area of 166 sq miles. In addi- 
tion, bulk supplies are provided for a 
rural area of 122 sq miles. The total 
population using Norwich water is 
about 180,000. The average demand 
is 5.5 mgd (Imp.)* with daily peaks 
of 7.5 mgd. 

Treatment of raw river water is 
partly by slow sand filtration and 
partly by rapid sand filtration, used in 
parallel and not in series. Six slow 
sand filters receive water that has been 
chlorinated and subjected to several 
days of plain sedimentation. Treat- 
ment prior to rapid sand filtration con- 
sists of chlorination and a period of 
sedimentation assisted by coagulation 
with aluminum sulfate. 

The slow sand filters are carefully 
maintained with the sand having an 
average effective size of 0.243 mm and 
a uniformity coefficient of 1.73. The 
sand varies slightly in size from filter 


*Further gallonage figures refer to the 
Imperial gallon; 1 gal (Imp.) equals 1.2 
gal (US). 


to filter. Following filtration, all water 
is again chlorinated and, prior to being 
pumped into the distribution system, 
passes through a small tank in which 
the period of retention varies from 
about 5 to 30 min, according to the 
rate of pumping. 


Nais Worms 


In June 1953 one of the water de- 
partment’s employees, who was en- 
gaged in routine main flushing at the 
village of Coltishall, observed a num- 
ber of small, white worms in the glass 
jar used for collecting test samples. 
The worms, about 1 cm long, were 
quickly identified in the department’s 
laboratory as Nais, a member of the 
Naididae family of worms and fortu- 
nately not parasitic to man or animal. 

The presence of the worms at Coltis- 
hall made it immediately necessary to 
determine the extent of the infestation. 
Systematic flushing quickly showed 
that Nais was present in virtually the 
entire area supplied. The flushing also 
revealed the presence of Cyclops and 
Daphnia, but not in sufficient numbers 
to constitute a nuisance. On the other 
hand, the Nais population was so great 
that, at almost all flushing points, it 
was impossible to fill a small glass jar 
without finding several specimens. 
Curiously, however, there were only 
three reported cases of worms emerg- 
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ing from consumers’ taps. This was 
probably due to the fact that service 
connections are placed at the top of the 
mains. Nais worms tend to remain 
on the pipeline bottom until stirred up 
by high velocities. 


Source of Infestation 


As soon as the widespread presence 
of the worms in the distribution sys- 
tem became known (and simultane- 
ously with main cleansing measures), 
a search for the source of infestation 
was commenced. Because there were 
no ball hydrants * in the distribution 
system, it seemed certain that the or- 
ganisms must be coming from the 
treatment works or from a leakage of 
surface water into the covered service 
reservoirs. 

Microscopic examination of centri- 
fuged samples taken from the various 
filter outlets soon established that im- 
mature Nais worms were passing 
through the slow sand filters in very 
considerable numbers, but no speci- 
mens were found in samples from the 
rapid sand filters. Thorough examina- 
tion of all service reservoirs showed 
these to be in excellent order, with no 
possibility of contamination from sur- 
face water. 

The immature Nais specimens found 
in the slow sand filter effluent were 
visible to the naked eye as tiny parti- 
cles, unrecognizable as worms until ex- 
amined under the microscope. A few 
specimens of Cyclops and Daphnia 
were also found in this effluent. 


Microstrainer Use 


At an early stage in the investiga- 
tions the authors consulted the firm of 


*A fire hydrant controlled by a valve 
whose outlet is closed by a wooden or rubber 
ball held against the seating by water 
pressure. 
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Glenfield and Kennedy of Kilmarnock, 
Scotland, on the possibility of using 
microstrainers to clear the filter efflu- 
ents of the various organisms. The 
reply was favorable, and, for experi- 
mental purposes, a small microstrainer 
cylinder, of tightly woven stainless- 
steel fabric, was provided. The cylin- 
der was 2 in. in diameter and 6 in. in 
length, and was open at one end. 

For 18 months this cylinder was 
employed in the examination of filter 
and laboratory tap water. The tech- 
nique used was to pass about 50 gal 
through the fabric, wash back the catch 
with a flow of water from the outside 
of the cylinder, and examine the de- 
posit from the centrifuged wash water. 
The results of the examinations of both 
the filter and the tap water have been 
informative. 

The slow sand filter effluent catch 
at first consisted almost entirely of 
Nais worms with a few specimens of 
Cyclops, Daphnia, and diatoms of vari- 
ous kinds. In August 1953 nematode 
worms, typed by the British Museum 
as Trilobus gracilis, made their appear- 
ance. These were followed in October 
1953 by considerable numbers of 
rotifers and a few specimens of a flat 
worm, Stenostomum. At about this 
time the Nais worms began to die out, 
and only a few isolated specimens have 
since been found. Rotifers have, how- 
ever, continued to be present in con- 
siderable numbers, with nematodes 
nearly as numerous. Cyclops and 
Daphnia occur in small numbers, with 
a few diatoms present in the months 
when algal troubles are usually at their 
height. 

The rapid sand filters have yielded 
only a few diatoms. From the labo- 
ratory tap water, the catches have 
consisted almost entirely of dead roti- 
fers, with a few dead Cyclops and 
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Daphnia specimens and, at times, di- 
atoms. Virtually no Nais have been 
detected in the laboratory tap water, 
undoubtedly owing to their disintegra- 
tion under heavy chlorination. 


Corrective Measures 


At an early stage in the laboratory 
experiments it was found that Nais 
readily succumbed to 1 ppm of chlo- 
rine. Accordingly, the measures taken 
to clear the distribution system were 
careful flushing and stepping up the 
terminal dose of chlorine to give a re- 
sidual of about 2 ppm in the mains. 
Especially heavy chlorination was used 
at night in mains of districts where 
disinfestation proved difficult. For 
flushing purposes, the service area was 
divided into eighteen sections. One 
man was employed to flush all hy- 
drants in a section repeatedly, in a 
fixed rotation. 

After about 3 months it was found 
that the system was clear. Normal 
flushing routine was then resumed. 
and the terminal chlorination was re- 
duced to give a residual of 0.5 ppm 
in the mains. Pending completion of 
remedial works described later, this 
dosage of chlorine is to be maintained. 
It will be increased if there is any evi- 
dence of further outbreaks. 

Since clearance of the system, only 
a few isolated cases of Nais have been 
reported. These reports have been 
followed by vigorous flushing action in 
the area concerned, with satisfactory 
results. 


Laboratory Studies 


Fully grown Nais worms, as seen 
under the microscope, are slow mov- 
ing, segmented, unpleasant looking 
creatures. Their presence in a public 
water supply, even though they are 
harmless, is of considerable concern. 
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Probably their most objectionable fea- 
ture is the clearly visible alimentary 
canal. The bristles are also objec- 
tionable. Very young specimens are 
covered by pinkish spots. The speci- 
mens examined have varied in width 
from 40% to 200p. Breeding is by 
budding and splitting. 

Studies under the microscope have 
shown that fully grown Nais worms 
die and disintegrate in less than 45 min 
in water containing 1 ppm chlorine. It 
was the unpleasant sight of the dis- 
integration products which was largely 
responsible for the author’s conclusion 
that physical removal of the organisms 
from plant effluents containing them 
was highly desirable. 

It has also been found that a 1 per 
cent solution of common salt readily 
kills Nais, as does a solution of 30 ppm 
aluminum sulfate in distilled water. 
It is believed that the disintegration 
of the organisms when treated with 
these reagents takes place because of 
osmotic pressure. 

The nematode worms encountered 
look much simpler and less objection- 
able than Nais. They are not seg- 
mented and are very vigorous in their 
movements. Like Nais, they are not 
parasitic. They are much smaller than 
Nais, and it is unlikely that a fully 
grown specimen in a glass of water 
would be recognized as a worm. The 
specimens examined have varied in 
width from 6p to 60». They are ovip- 
arous, the eggs being from 60-70, in 
length. 

Nature has provided fully grown 
nematodes with a tough, elastic cuticle, 
which makes them very resistant to 
chlorine. As much as 20 ppm takes 
24 hr to kill them. Small, immature 
specimens, however, succumb to 3 ppm 
chlorine in about 1 hr. They do not 
disintegrate quickly when killed. Like 
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the Nais worms, nematodes may be 
killed in the laboratory by a 1 per cent 
solution of common salt and by 30 ppm 
aluminum sulfate in distilled water. 

Rotifers, like nematodes, are un- 
likely to be recognized as such if ob- 
served in a glass of drinking water. 
They are readily killed by 1 ppm chlo- 
rine and by the other reagents men- 
tioned above. They do not quickly 
disintegrate when killed. 

No special studies have been made 
of the flat worm Stenostomum or of 
Cyclops and Daphnia, as these organ- 
isms have been present only in very 
small numbers It has been found, 
however, that all are readily killed by 
2 ppm chlorine. 


Plant Tests 


The underdrainage systems of two 
slow sand filters were treated by dig- 
ging 64 holes down to the gravel. 
Sufficient sodium hypochlorite was 


poured into these holes to give a the- 
oretical chlorine dosage of 100 ppm 
when the underdrainage system was 


backcharged. Then the filters were 
backcharged and placed in operation. 
The water was supplied through a 
temporary pipe from the rapid sand 
filters. This experiment was unsuc- 
cessful; within a few days both slow 
sand filters were again passing Nais 
worms in considerable numbers. 

Another experiment was to treat the 
water entering the sedimentation 
basin, and to feed the slow sand filters 
with 5 ppm copper sulfate, in addition 
to the normal dosage of 2 ppm chlo- 
rine. This also was unsuccessful, pos- 
sibly on account of the hardness, 
which averages about 300 ppm. No 
plant-scale experiments were tried 
with common salt as it was not clear 
how such treatment could be intro- 
duced as a routine measure. 
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When Nais ceased to pass through 
the slow sand filters and rotifers be- 
came the predominant offending or- 
ganisms, prechlorination was stopped 
for several months, in view of a pos- 
sible detrimental effect on the filter 
mat. This also was completely unsuc- 
cessful as it allowed rotifers to con- 
tinue to pass through in considerable 
numbers. Careful examinations of all 
slow sand filters while being cleaned 
and scraped failed to reveal any way in 
which raw water could be short- 
circuiting the sand beds. 

In the light of the laboratory find- 
ings, a perplexing feature of all the 
investigations made was the failure of 
prechlorination to eliminate the vari- 
ous organisms, with the possible excep- 
tion of the nematodes. The author is 
unable to offer any reasonable expla- 
nation for this anomaly. 


Long-Term Remedies 


Most of the work described was 
done within 3 months of the discovery 
of the outbreak of Nais worms. It 
was obviously necessary that during 
these early stages a scheme should be 
prepared to prevent a recurrence and 
that the public should be informed of 
the proposed remedy. 

It had long been clear to the author 
that the existing chlorination contact 
tank was far too small by all modern 
standards, but never before had there 
been any occurrence which justified 
putting forward a proposal to spend 
money on a larger tank. Prior to the 
discovery of the nematode and rotifer 
infestations, the author had considered 
the adoption of terminal superchlorina- 
tion and dechlorination. The high re- 
sistance of the fully grown nematode 
specimens to chlorination, together 
with the unpleasant decomposition 
products of Nais, as well as the large 
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number of rotifers, made it seem de- 
sirable, however, that physical removal 
of the various organisms should be ef- 
fected before the application of termi- 
nal chlorination. 

There appeared to be no way of or- 
ganizing slow sand filter treatment to 
prevent seasonal recurrences of the 
troubles. The solution to the prob- 
lem lay either in the replacement of 
all slow sand filters by a rapid sand 
plant or in the installation of micro- 
strainers between the filters and the 
chlorination contact tank. 

The first of these alternatives would, 
of course, have been very expensive. 
In addition, it did not seem to offer a 
reasonable certainty of success, because 
there was evidence of infestations in 
other systems where rapid sand filters 
were in use. 

Results obtained with the experi- 
mental microstrainer cylinder indicated 
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that plant-scale use of this equipment 
would almost certainly be successful. 
The 23-» aperture of the microstrainer 
fabric seemed to be sufficiently small 
to prevent the organisms from passing 
through. Some of the worms had a 
thickness smaller than 23, but it 
seemed they would have little chance 
of penetrating the fabric before being 
washed off to waste. Also, it was 
likely that any organisms passing 
through would be immature and suc- 
cumb readily to chlorination. 
Consequently, it was decided to in- 
stall two 10-ft diameter microstrainers 
and a large chlorination contact tank, 
with provision for superchlorination 
and for dechlorination by sulfur diox- 
ide after the period of contact. Upon 
completion of the installation, all water, 
including that from the rapid sand 
filters, is to be passed through the 
microstrainers and the tank. 
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Determination of Radioactive Strontium 
and Barium in Water 


Richard B. Hahn and Conrad P. Straub 


A contribution to the Journal by Richard B. Hahn, Assoc. Prof. of 
Chem., Wayne Univ., Detroit; and Conrad P. Straub, Sr. San. Engr., 
Robert A. Taft San. Eng. Center, US Public Health Service (as- 
signed to Oak Ridge National Lab., Oak Ridge, Tenn.). 


HE expanding use of radioisotopes 

in medicine and research has re- 
sulted in an increase in the amounts 
of radioactive materials discharged into 
the environment. A recent survey (7) 
showed that more than 40 per cent of 
the users of radioactive materials dis- 
pose of them by discharge into the 
sewerage system. These materials 
eventually find their way into water- 
courses, some of which may be used as 
sources of supply. 

Present day discharge levels present 
no immediate health problem. The 
continued and expanded use of radio- 
active materials and their discharge 
into streams may, however, result in 
concentrations of radioactive materials 
exceeding the limits recommended by 
the National Committee on Radiation 
Protection (2). With the develop- 
ment of a nuclear-power industry in 
the foreseeable future, larger amounts 
of radioactive materials will be released 
into the environment. These dis- 
charges will have to be maintained at 
levels which are noninjurious to the 
ecology of the given area. 


Radiochemical Procedures 


To determine which radioisotopes 
are present in the water, radiochemical 
procedures are employed. The water 
works profession should be familiar 


with techniques for the separation and 
identification of at least the more criti- 
cal fission products and other radio- 
isotopes used and discharged in its 
watersheds. The most hazardous of 
all beta-emitting radioisotopes in water 
is strontium, Sr®”, in equilibrium with 
its daughter product yttrium, Y® (2). 
Other hazardous fission product iso- 
topes are Sr®, Y", Nb®, Ru’®- 
Rh, 
and Ce'*-Pr'**, In addition, P** and 
Co may be of interest to the water 
works chemist. 

As Sr®-Y*® is the most hazardous 
radioisotope, methods for its determina- 
tion in natural water were studied first. 
It is formed in relatively large amounts 
in nuclear fission. The parent Sr® has 
a half-life of about 20 years, the yttrium 
daughter a half-life of 61 hr. Upon 
ingestion, the strontium is concen- 
trated in the bone and is eliminated 
slowly. The maximum permissible 
concentration (MPC) in water for 
continuous ingestion (70 years) of 
is 8 x 10°° microcuries (pc) 
per milliliter (2). It is desirable, 
therefore, to have an accurate analyti- 
cal method for the detection and deter- 
mination of this radioisotope in low 
concentrations in waters used for hu- 
man consumption. Since radiobarium 
must be removed along with the radio- 
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strontium, it is convenient to determine 
any radioactive barium during the 
analysis for strontium. The MPC 
value for Ba‘*°-La’*’ is 2 x 10°* ye per 
milliliter of water (2). 

Procedures for the identification, 
separation, and determination of other 
hazardous radioisotopes listed above 
will be developed in the future. 

Methods have been reported for the 
estimation of radioactive strontium in 
river and other waters (3, 4). Dun- 
can and colleagues (3) precipitated 
the strontium and barium with sodium 
carbonate, treated the carbonates with 
80 per cent nitric acid, dissolved the 
nitrates in water, reprecipitated the 
strontium as a carbonate with sodium 
carbonate, and counted the precipitate. 
This method, however, would not give 
accurate results in waters containing 
much calcium, as this element is par- 
tially precipitated with the strontium. 
Barium was separated from the stron- 
tium as a chromate from acetic acid 
solution. Mawson and Fischer (4) 
preferred the ammonium oxalate pre- 
cipitation of strontium, but also stud- 
ied the sodium carbonate and barium 
sulfate precipitation methods. 

Excellent analytical methods have 
been devised for the radiochemical 
analysis of barium and strontium in 
mixtures of fission products (5). 
These methods, however, were devel- 
oped for the analysis of small volumes 
of solutions containing relatively high 
concentrations of the radioisotopes. 
Interferences caused by other inactive 
elements, such as calcium and magne- 
sium, which are present in most natu- 
ral waters have been investigated in 
part (3, 4). In adapting the proce- 
dures of Glendenin (5) to the analysis 
of low-level activities in natural waters, 
large volumes of water must be used 
and the radioactive components must 
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be concentrated to obtain accurate re- 
sults; also, the interference of calcium, 
magnesium, iron, and other substances 
must be evaluated. 


Experimental 

In all the experiments, a tracer solu- 
tion of Sr®-Y* or Ba**°-La’, ob- 
tained from the Operations Div., Oak 
Ridge National Laboratory (ORNL) 
as a chloride in HCI solution, was used. 
These solutions were standardized by 
the procedure given by Glendenin (5). 
Samples were mounted on 1-in. watch 
glasses and were counted with a mica 
end-window Geiger-Muller tube hav- 
ing a window thickness of 2.3 mg per 
square centimeter. A standard of ura- 
nium oxide in equilibrium with its 
decay products was counted after each 
experiment, and fluctuations in the 
daily efficiency of the counter were 
corrected by multiplying the final count 
in each experiment by the proper cor- 
rection factor. 

Because of the long half-life of Sr®, 
no corrections were made for decay in 
comparing the count in the various 
experiments with the count obtained 
in the standardization of the Sr®*°-Y” 
tracer solution. 


Concentration Methods 


Three methods of concentration 
were studied: evaporation, ion ex- 
change, and precipitation. These are 
described in the following paragraphs. 

Concentration by evaporation. 
Twenty milligrams of Sr** (as 
Sr(NO,), solution) carrier and 100 A 
of Sr®-Y* tracer were added to a liter 
of Oak Ridge tap water. (Average 
analyses of this water are given in 
Table 1.) This was evaporated to 


about 5 ml, transferred to centrifuge 
tubes, and analyzed for Sr® activity by 
the fuming nitric acid method devel- 
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oped by Glendenin (5). Quantitative 
recovery of the Sr® was obtained. As 
the time and attention required for 
evaporation of several liters of solution 
make this method impractical, concen- 
tration by evaporation was not studied 
further. 

Concentration by ion exchange. A 
cation-exchange resin, Amberlite IR- 


TABLE 1 


Oak Ridge Tap Water Analyses 
(Four Determinations) 
Amount 
Item ppm 
Methyl orange alkalinity (as 
CaCO;) 
Phenolphthalein alkalinity (as 
CaCO;) 
Soap hardness (as CaCO;) 
Dissolved solids 
Nonvolatile solids 
Ca 
Mg 
Na 
SiO, 
Nitrate 


90-99 


Dissolved CO, 1-3 

Fe <0.03-0.04 

Al 0.039— <0.05 

Cu <0.02—<0.05 

Ni <0.02—<0.05 
<0.02-—<9.05 


9-30 
3.7-7.4 
54-59.4 
112-120 
1.6-4.6 
<1.0-1.0 


120,* converted to the hydrogen form 
with 6M hydrochloric acid, was used 
in this experiment. A column 1.5 cm 
in diameter and 50 cm in height was 
prepared. 

Ten liters of Oak Ridge tap water 
containing 20 mg of Sr** carrier and 


*A product of Rohm & Haas Co., Phila- 
delphia. 


RADIOACTIVITY DETERMINATION 


337 


Sr*-Y* tracer were passed through 
the column at a rate of approximately 
2 ml per minute. The column was 
eluted with 300 ml of 2.5M hydro- 
chloric acid, the resulting solution con- 
centrated by evaporation, and the Sr*° 
activity determined by the procedure 
of Glendenin (5). Only 80 per cent 
of the added activity was recovered. 
In all probability this low recovery was 
caused by calcium contamination of the 
final precipitate of strontium oxalate 
rather than by an actual loss of activity. 

Concentration by ion exchange was 
deemed impractical for the following 
reasons: [1] a period of several days 
is required for the absorption and elu- 
tion of the activity ; [2] the eluted solu- 
tion must be concentrated by evapora- 
tion; and [3] interfering ions are con- 
centrated, as well as the desired radio- 
active materials. lon-exchange tech- 
niques may be useful in concentrating 
activities from large volumes of soft 
water (rain water, for example), but 
not with waters containing appreciable 
concentrations of dissolved solids. 

Concentration by precipitation. Pre- 
cipitation from ammoniacal solution by 
the addition of saturated ammonium 
oxalate solution and precipitation by 
the addition of 1M sodium carbonate 
were investigated. Both precipitants 
gave a granular precipitate which set- 
tled slowly. As the oxalate precipitate 
concentrated calcium ions in preference 
to strontium, this method was not in- 
vestigated further. 

It was found that all of the stron- 
tium activity was carried down in the 
carbonate precipitate, which settled out 
satisfactorily in 1-3 hr. Therefore, 
this procedure (described in detail in 
the Appendix, page 339) was selected 
for the concentration of barium and 
strontium activities. In concentrating 
the strontium (with or without bar- 


pH 7.3-7.9 

Color 0 
Odor 0 
U 

SO, 
Cl 

CO; 

HCO, 

PO, 

F 
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ium) activity by precipitation as stron- 
tium (barium) carbonate, it was found 
that calcium carbonate, magnesium 
carbonate, ferric hydroxide, and alumi- 
num hydroxide were also precipitated. 
Magnesium, aluminum, and ferric ions, 
up to 100 mg each, did not interfere 
in the determination of the strontium 
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trate with anhydrous acetone. This 
reagent dissolved the calcium nitrate 
and left the strontium and barium ni- 
trates undissolved. The nitrate pre- 
cipitate was dissolved in water, fuming 
nitric acid added, the precipitate dis- 
solved again in water, 5 mg Fe*** in 
the form of Fe(NO,), added, and the 


TABLE 2 
Determination of Sr® or Ba™ Activity in Water 
Activity Recovered Recovery of 
Activity Added | Gross | or Found* Carrier 

Sample and Source 

sr” Bao | cpm/ml sre Baio Sm | 

cpm cpm cpm cpm | & % 
la 0 79.6 
1b 6 73.1 
2a 66 75 73.5 
2b 66 76 73.8 

4 1 Oak Ridge tap water 
3a 655 723 74.7 
3b 655 682 72.4 
4a 125 124 55.7 
4b 125 128 43.7 
cpm/ml 

5a | 10 ml Settling Basin watert 113 21 | 0.2 
5b 115 23 0.2 
6a 41 White Oak Lake water 11 4.8 | 1.8107 
6b 10 5.2 | 2.6107 
7a 41 Clinch River water 0 | 8x10- 0 
7b 0 | 9x10" 0 


* Corrected for carrier recovery. 
+t This sample was concentrated by evaporation. 


activity. When more than 25 mg of 
calcium ions were present, however, 
this element was carried along and 
precipitated with strontium (barium) 
in the final precipitate used for count- 
ing. It was found that this impurity 
could be eliminated by treating the pre- 
cipitate of strontium nitrate, barium 
nitrate, and coprecipitated calcium ni- 


Fe(OH), precipitated with ammonium 
hydroxide. The supernatant was neu- 
tralized with nitric acid, and acetic acid 
and ammonium oxalate were added, 
followed (after heating) by the addi- 
tion of sodium chromate. The super- 
natant liquor was used for the deter- 
mination of strontium, and the precipi- 
tate for barium. Specific methods for 
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the determination of strontium and 
barium are also included in the 
Appendix. 


Discussion and Results 


The procedure detailed in the Ap- 
pendix and described briefly above was 
tested by adding known amounts of 
Sr®-Y*® or activity to 4 
liters of Oak Ridge tap water. All 
samples were counted immediately 
after separation, the counts reported 
being those of the pure Sr® or Ba** 
activity. The results of this series of 
tests are given in Table 2. 

Further analyses were made to test 
the procedure. For this purpose, sam- 
ples of water from the Clinch River, 
White Oak Lake, and the ORNL Set- 
tling Basin (a waste basin) were ana- 
lyzed. The results of these analyses 
are included in Table 2. It will be 


seen that the method is sensitive, in- 
asmuch as activity levels as low as 
8 x 10°* counts per minute (cpm) per 


milliliter for strontium and about 
1.8 x 10°? cpm per milliliter for bar- 
ium were measured. These represent 
levels of approximately 4 x 10°* and 
10-7 pe per milliliter, respectively 


Summary 

A procedure is given for the deter- 
mination of low concentrations of radio- 
active strontium (to about 4 x 10° 
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pe per milliliter) and barium (to about 
10°? we per milliliter). The method 
was tested on various natural and 
waste waters. A precision of about 10 
per cent was obtained. As the method 
does not distinguish between the vari- 
ous isotopes of strontium or barium— 
for example between Sr** and 
decay and absorption analyses would 
be required for this information. 
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Procedure for Determination of Strontium and Barium 
Activities in Water* 


1. Measure out 4 liters of clear water 
into a 4-liter beaker. (If the activity is 
more than 5 beta cpm per milliliter, 
smaller samples may be used. Suspended 


*A blank sample of water should be run. 
along with the active samples, to determine 
whether any stable strontium is present in the 
water. 


matter should be filtered off and analyzed 
separately.) Add 20 mg each of Ba** 
and Sr** carriers. 

2. Add 50 ml of concentrated (15M) 
ammonium hydroxide; heat to boiling. 

3. Add 50 ml of 1M sodium carbonate 
solution to the boiling solution. Stir, 
then digest at 90°-95°C for about 1 hr. 
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4. Set the beakers aside and let stand 
until the precipitate has settled (about 
1-3 hr). 

5. Decant and discard the clear super- 
nate. Transfer the precipitate to a 40-ml 
centrifuge tube and centrifuge. Decant 
the supernate. 

6. Add concentrated nitric acid (15M) 
drop by drop (about 2 ml) to the precipi- 
tate until it is completely dissolved. Heat 
to boiling, add 1 ml of water, stir, then 
centrifuge. Discard any residue such as 
SiO,. 

7. Transfer the clear supernate to a 
clean tube. If the volume of the solution 
exceeds 5 ml, it should be evaporated to 
5 ml. 

8. Add 25 ml of fuming nitric acid, 
cool, stir, and then centrifuge. It is ad- 
visable to wear rubber gloves in using 
fuming nitric acid. Discard the super- 
nate. Invert the tube in a beaker for 
about 10 min to drain off most of the ex- 
cess nitric acid. 

9. Add 25 ml of anhydrous acetone, 
stir thoroughly, cool, and then centrifuge. 
Discard the supernate. 

10. Repeat Step 9 if more than 200 mg 
of Catt is present in the water sample. 

11. Dissolve the precipitate of Sr( NO,). 
and Ba(NO,),. in 5 ml of water, and heat 
to boiling for about 30 sec to remove any 
remaining acetone.* 

12. Add 15 ml of fuming nitric acid. 
Cool, stir, and then centrifuge. Discard 
the supernate. 

13. Dissolve the precipitate in 10 ml 
of water, add 5 mg of Fe*t* in the form 
of Fe(NO,), solution, and precipitate 
Fe(OH), by making the solution basic 
with 6M ammonium hydroxide. Centri- 
fuge and decant the supernate to a clean 
tube. Discard the Fe(OH), precipitate. 

14. Add a drop of phenolphthalein in- 
dicator; then add 6M nitric acid drop- 
wise, with stirring, until the solution is 
neutral. Add 1 ml of 6M acetic acid and 
2 ml of 6M ammonium acetate. Heat to 


. The procedure from this point on is essen- 
tially the same as that given by Glendenin (5). 
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boiling; then add 1 ml of 1.5M sodium 
chromate with stirring. Continue stir- 
ring for 1 min and then centrifuge. De- 
cant the supernate to a clean tube and use 
it for the determination of strontium 
(Step 15). Save the precipitate for the 
determination of barium (Step 16). 

15. Determination of strontium. Add 
2 ml of concentrated ammonium hydrox- 
ide (15M) to the supernate from Step 
14. Heat to boiling; then add 5 ml of 
saturated ammonium oxalate solution. 
Stir and then filter by suction on a small 
weighted filter paper disc in a small 
Hirsch funnel. Wash three times with 
5-ml portions of water, three times with 
5-ml portions of 95 per cent ethyl alcohol, 
and three times with 5-ml portions of 
ethyl ether. Transfer the paper and the 
precipitate to a watch glass; dry 5 min 
at 90°-100°C in an oven; then mount and 
count the precipitate. The final precipi- 
tate is SrC,0,-H,0. 

16. Determination of barium. Use the 
precipitate of barium chromate obtained 
in Step 14. Wash the precipitate with 
10 ml hot water. Centrifuge, discard the 
supernate, and then add 2 ml of 6M hy- 
drochloric acid. Heat to boiling to dis- 
solve the precipitate, cool, and then add 
15 ml of hydrochloric acid—ether mix- 
ture. (The hydrochloric acid—ether mix- 
ture is made by adding 500 ml of cold 
concentrated hydrochloric acid to 100 ml 
of ethyl ether.) Chill and stir for 1-2 
min and then centrifuge. Discard the 
supernate. 

17. Dissolve the precipitate in 1 ml of 
water; then add 15 ml of hydrochloric 
acid—ether mixture. Chill, stir, centri- 
fuge, and discard the supernate. 

18. Transfer the precipitate to a 
weighed filter paper disc in a Hirsch 
funnel with three 5-ml portions of abso- 
lute ethyl alcohol, using suction for filtra- 
tion. Wash with three 5-ml portions of 
ether. Transfer the precipitate to a 
watch glass. Dry 5 min at 80°-90°C; 
then weigh, mount, and count. The final 
precipitate is BaCl.- H.O. 
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Ground Water Sources on Long Island 


Joseph E. Upson 


A paper presented on Sep. 9, 1954, at the New York Section Meeting, 
Montauk, N.Y., by Joseph E. Upson, Dist. Geologist, US Geological 
Survey, Mineola, N.Y. Publication authorized by the Director, US 


Geological Survey. 


HIS article briefly describes the 

geologic formations that yield 
water to the thousands of wells on 
Long Island, N.Y. In 1953 the esti- 
mated gross pumpage of ground water 
on the island was about 260 mgd, on 
the average. 

Figure 1 shows the island outline, 
the four counties on it, and the location 
of the generalized cross section in 
Fig. 2. Although Long Island is im- 
mediately adjacent to rocky New Eng- 
land, it is geologically more like the 
Atlantic Coastal Plain. The bedrock 
surface beneath western Long Island 
slopes southeastward. The unconsoli- 
dated deposits, which rest on the bed- 
rock, extend to depths ranging from 
only a few tens of feet below sea level 
in northwestern Queens County to 
2,000 ft or more beneath the south 
shore of Suffolk County. In central 
Suffolk County, test wells encountered 
bedrock at more than 1,400 ft below 
sea level (1,500 ft below land surface). 
These deposits make a huge ground 
water reservoir. 

Unfortunately, the island is sur- 
rounded by salt water, a fact that must 
be taken into consideration in using 
the fresh water. Other complications 
are introduced by the variations in the 
lithologic—and, hence, the water- 
bearing—characteristics of different 
layers of the unconsolidated deposits. 
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Some layers are much less permeable 
than others and yield essentially no 
water, but this fact has its good as well 
as its bad side. 


Upper Pleistocene Deposits 


The top layers comprise relatively 
coarse-grained deposits that consist of 
several subunits, hard to distinguish 
geologically, and of different origin, 
but all laid down in the latter part of 
the Pleistocene or glacial epoch. 
Therefore, they are called “Upper 
Pleistocene” deposits. They underlie 
practically all of Long Island and at- 
tain a maximum thickness of 200- 
300 ft. 

They can be divided into three main 
categories: [1] morainal deposits, 
which form two subparallel, longitudi- 
nal ridges extending almost the full 
length of the island; [2] stratified de- 
posits which form the outwash plain 
south of the southern of the two mo- 
raines in most of the island; and [3] 
a complex sequence of deposits be- 
tween the two moraines and north of 
the northern one. 

The northern, or Harbor Hill, mo- 
raine extends from Kings County out 
along the north fork; the southern, the 
Ronkonkoma Moraine, extends from 
western Nassau County out along the 
south fork. In the western part of 
the island. these deposits are composed 
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largely of clay and gravel, in which 
water is locally perched on the more 
clayey portions. In the eastern part 
of the island, these deposits are chiefly 
sand and gravel and seem to permit 
ready downward percolation of water 
at most places. 

The stratified deposits south of the 
Ronkonkoma Moraine consist mainly 
of sand and gravel, but near the shore 
they have intercalated lenses of marine 
clay and some alluvium, which are not 
differentiated on small-scale 
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quence and the other at the land sur- 
face. The extent and continuity of all 
these deposits, the details of their ori- 
gin, and their interrelationship are 
complex and not fully understood. 
These deposits comprise several geo- 
logic formations recognized by earlier 
writers, but not currently distinguished. 

Except for the parts of the morainal 
areas that are underlain by clayey till, 
and other areas underlain by clay, the 
Upper Pleistocene deposits can absorb 
water and readily transmit it down- 
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Pig. 1. Map of Long Island 


Line N-S indicates location of cross section in Fig. 2. 


maps. These deposits are 100 ft or 
more in thickness and, nearly every- 
where, yield water readily to wells. 
The complex sequence in the north- 
ern part of the island occurs between 
the two moraines and on the penin- 
sulas of the north shore, mainly in 
Queens and Nassau counties. The de- 
posits consist mostly of stratified sand 
and gravel, at least partly glacial out- 
wash, They also have two units of 
clayey till, one in the midst of the se- 


ward to the water table, which ranges 
from 50-60 ft below the land surface 
to only about 1 ft. The water table is 
shallowest near the shores. In the 
clayey-till areas, some local bodies of 
water are perched above the main 
water table. 

The Upper Pleistocene deposits re- 
ceive essentially all their recharge from 
rain and snow. Some of this is trans- 
mitted downward to the underlying 
formation, while some is transmitted 
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only through the Upper Pleistocene 
deposits and discharged directly into 
the atmosphere or into the ocean and 
bays or the streams that flow to them. 
Actually, most of the stream flow of 
Long Island is sustained by ground 
water discharge. At places near the 
shore, the Upper Pleistocene deposits 
may receive some water coming up 
from underlying formations—water 
that originally percolated downward in 
the central part of the island. 

Because of their permeability, thick- 
ness, and widespread occurrence, the 
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Jameco Gravel 


The Jameco gravel is the next aqui- 
fer stratigraphically below the Upper 
Pleistocene deposits. It is a body of 
highly permeable sand and _ gravel 
whose extent is limited to Kings 
County, the southern part of Queens, 
and the southwestern part of Nassau. 
This deposit is not known in Suffolk 
County. The Jameco, which is thought 
to have been deposited by melt water 
streams from glaciers of pre-Wisconsin 
age, seems to fill, and in part extend 
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Fig. 2. Water-bearing Formations in Central Long Island 


A section of Nassau County is shown. There are seven formations, only four of 
which readily yield water. The Gardiners clay and Raritan clay strata create artesian 
pressure and help keep sea water out. 


Upper Pleistocene deposits are the 
most productive geologic unit. In 
1953 they yielded about 50 per cent of 
the gross pumpage on Long Island. 
Throughout much of the extent of 
these deposits, cesspool wastes and 
other possibly contaminated waters 
from the surface can readily percolate 
downward. Hence, there is a tend- 
ency to develop more water from 
deeper aquifers. Little is known about 
the occurrence of water in the Upper 
Pleistocene deposits of the northern 
part of the island. 


beyond, a system of valleys cut in the 
underlying deposits. 

The Jameco gravel ranges in thick- 
ness from less than 1 ft to as much as 
150 ft and lies everywhere 80 ft or 
more below sea level. It consists 
mainly of coarse sand and gravel but 
has some scattered lenses of silt and 
clay. The formation was once a source 
of considerable water in Kings County. 
After several years of relatively heavy 
pumping, water of high chloride con- 
centration was drawn in, causing aban- 
donment of all public supply wells in 
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that county (1). The Jameco still 
yields substantial quantities of water 
in Queens County and in southwestern 
Nassau. Although of limited extent, 
it yielded about 5 per cent of the gross 
pumpage in 1953. 

Throughout essentially all its extent, 
the Jameco gravel is overlain and sepa- 
rated from the Upper Pleistocene de- 
posits by Gardiners clay. This fos- 
siliferous interglacial marine deposit 
occurs in nearly all of Kings County, 
the southern half of Queens County, 
part of southwestern Nassau County, 
and small sections of Suffolk County. 
It is from 10 ft to perhaps as much as 
150 ft thick and does not occur higher 
than about 50 ft below sea level. 

The Gardiners clay is composed 
mostly of solid clay and silty clay. At 
places there are some silt, fine sand, 
and even coarse sand. As the beds are 
lenticular, the formation is not con- 
tinuous solid clay. In general, how- 
ever, it acts as a confining bed, holding 
water in the underlying deposits under 
pressure. At the same time it acts to 
some degree as a barrier to the move- 
ment of ocean water. At places where 
interconnecting lenses of sand make up 
much of the formation, it can, of 
course, transmit water more readily 
than elsewhere. By way of such per- 
meable channels (and probably also by 
very slow movement even through the 
clays) water can pass through the for- 
mation where the hydraulic gradient 
is favorable. This replenishes the un- 
derlying Jameco gravel, although much 
of the replenishment for that unit may 
come from the underlying Magothy * 
formation. 


* The designation “Magothy” is used with 
reservations, as the correlation of these de- 
posits with similar ones in New Jersey, to 
which the name was first applied, is 
questionable. 
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Magothy Formation 


The Magothy formation is a thick 
body of Cretaceous age continental de- 
posits that underlies the Jameco gravel 
or younger formations, where the 
Jameco is absent. The Magothy un- 
derlies the southeastern third of Kings 
County, the southeastern two-thirds of 
Queens County, essentially all of Nas- 
sau County, and, as far as known, all 
of Suffolk County. 

The formation consists of a complex 
alternation of lenses of silty clay, silt, 
and fine and coarse sand; some lenses 
of solid clay ; and some of gravel. Lo- 
cally, it contains pyrite or marcasite, 
and lignite. The sequence of these 
beds is unsystematic, except that, at 
many places in the western part of the 
island, the lowest few tens of feet of 
the formation seem to contain some- 
what more numerous lenses of coarse 
sand and sand and gravel than the rest 
of the formation. 

The top of the Magothy has been 
eroded and has a relief of several hun- 
dred feet. It is found at a maximum 
height of about 220 ft above sea level 
in east-central Nassau County and is 
as deep as 350 ft below sea level in 
southern Queens. It may be at com- 
parable depths in south-central Suffolk 
County. The bottom of the formation 
is much more uniform than the top, 
conforming somewhat to the configu- 
ration of the deeper bedrock surface. 
Thus, the thickness ranges from a 
featheredge in Kings County to sev- 
eral hundred feet beneath the north 
shore of Suffolk County, and substan- 
tially more beneath the south shore. 
In southwestern Nassau County, this 
formation is 400-500 ft thick, and, in 
southern Suffolk County, at least 700 
ft thick. 

In Kings, Queens, and Nassau, the 
Magothy is overlain mostly by the Up- 
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per Pleistocene deposits, except in the 
southern parts of those counties, where 
it is directly overlain at most places by 
the Jameco gravel and at some locali- 
ties by Gardiners clay extending be- 
yond the Jameco. Where the Ma- 
goth, is directly overlain by the 
Jameco, the water in the two forma- 
tions is in hydraulic continuity. 

Along the south shore of eastern 
Nassau County and Suffolk County, 
the Gardiners clay intervenes between 
the Magothy and the Upper Pleisto- 
cene deposits. In central Suffolk, the 
Gardiners extends north as far as the 
middle of the island. 

Ground water reaches the Magothy 
only after percolating through the 
Upper Pleistocene deposits. It is more 
or less confined everywhere, not so 
much in the upper layers in the middle 
of the island, but more so in those be- 
neath the Gardiners clay and in the 
deeper parts of the formation where 
the confining effect of the clayey beds 
within the Magothy itself is felt. At 
most places along and near the south- 
ern shores of the island, wells in the 
Magothy have a natural flow. The 
head is 4-5 ft above sea level in south- 
western Nassau County and 8-9 ft 
above sea level at Merrick, within a 
few miles of the Suffolk County line. 
Farther east along the shore, the head 
increases. 

It is not known to what extent the 
fresh water in the formation is in hy- 
draulic continuity with the present 
ocean water south of the island. The 
lower part of the Magothy at Atlantic 
Beach, near the west end of the south 
shore barrier beach, contains water 
with more than 1,600 ppm chloride. 
Farther east the water is fresh. Thus, 
to the east, the pressure head of the 
fresh water is enough to hold back the 
salt water. 
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Along the north shore of the island, 
the Magothy crops out at a few places 
and doubtless extends some distance 
north of the shore beneath the sound. 
Younger deposits probably intervene 
between the Magothy and the ocean 
water, but their nature is unknown. 
Some ground water is pumped from 
the Magothy in north shore areas, but 
little is known about the opportunity 
for or danger of sea water encroach- 
ment in those areas. 

The Magothy is the largest aquifer 
of Long Island, although in 1953 it 
produced only about 35 per cent of the 
gross pumpage. It is deep beneath 
most of the island and is relatively fine 
grained, making well development dif- 
ficult. Also, although present heads in 
most places are high, the formation 
seems to be open to potential sea water 
encroachment along both the north and 
south shores. 


Lloyd Sand Member 


The Lloyd sand aquifer, the lower 
member of the Cretaceous age Raritan 
formation on Long Island, is the deep- 


est of the aquifers. It does not crop 
out, but it underlies essentially all the 
island and extends unknown distances 
northward beneath Long Island Sound 
and southward beneath the Atlantic. 

The Lloyd sand member consists 
mostly of sand and fine gravel and 
some lenses of clay, sandy clay, and 
fine sand. The lenses of sand and 
gravel seem to occur prominently in 
two or three fairly distinct zones, sepa- 
rated by less permeable zones consist- 
ing of clay and silt. There is some 
evidence that the water-yielding zones 
in the Lloyd are somewhat more per- 
meable in the western part of the island 
than in the eastern part. 

The top of the Lloyd may have been 
somewhat eroded in the northern parts 
of Kings and Queens Counties during 
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some time after it was laid down, but 
elsewhere it apparently was not. The 
Lloyd slopes southeastward more or 
less parallel to the underlying bedrock 
surface. The top ranges from about 
100 ft below sea level in northern 
Queens and Nassau to 1,400 ft below 
sea level in southeastern Nassau and 
perhaps as much as 1,700 ft below in 
Suffolk County. The thickness in- 
creases slightly southeastward but in 
most places is about 250 ft. 

The Lloyd sand member is almost 
universally overlain by the clay mem- 
ber of the Raritan formation, locally 
known as the “Raritan clay.” This 
member, of continental origin, consists 
mainly of silty and solid clays and 
some lenses of sand and silty sand. 
Some of the clay beds contain lignite 
and pyrite, as well as leaves, plant 
spores, and partly carbonized wood. 
Because the member is chiefly of clay, 
much of it compact and solid, it forms 
an effective confining layer beneath 
which the water in the Lloyd sand 
member is held under artesian pres- 
sure. In the central parts of the island, 
the hydraulic gradient is downward 
from younger formations to the Lloyd. 
Thus, recharge can take place either 
by slow and devious percolation 
through and around the lenses of clay 
or silt, or possibly through erosional 
gaps in the clay member, as postulated 
by some geologists (2). 

Near the shores of the island, the 
hydraulic gradient is upward from the 
Lloyd sand member to the overlying 
deposits. Accordingly, some Lloyd 
wells drilled close to sea level obtain 
flowing water. The artesian pressure 
also evidently holds back salt water so 
that, for example, wells near the west- 
ern end of the barrier beach that pass 
through salt water in the lower part 
of the Magothy obtain fresh water in 
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the underlying Lloyd. At one or two 
places along the north shore of Suffolk 
County, however, wells drilled into the 
Lloyd in early years reportedly en- 
countered salty water. 

The Lloyd sand member is at pres- 
ent a little tapped aquifer (yielding 
only about 10 per cent of the 1953 
gross pumpage) and could presumably 
sustain additional development. It has 
the advantage of supplying fresh water 
in areas where salty water occurs or 
may occur at shallower depths. Also, 
it is relatively permeable. But, be- 
neath the south shore, it is deep and 
expensive to develop, and receives as 
replenishment only water that has al- 
ready percolated through the overlying 
aquifers. Along the north shore it 
may have a nearby hydraulic connec- 
tion with sea water. Because of these 
factors the Lloyd may not be suscepti- 
ble to extensive development. 


Summary and Conclusions 


There is a large volume of fresh 
water beneath Long Island. At most 
places, wells can be, and are, con- 
structed to yield hundreds of gallons 
per minute. A number of the aquifers 
(to some extent and at some places) 
are “protected” by relatively imperme- 
able strata from encroachment by the 
sea. Despite appearances, the supply 
is not unlimited. Withdrawals for 
public supply in Kings were stopped 
in 1947 because of salinity. Water 
levels in one or two Queens wells show 
a decline. The net withdrawals from 
ground water in Nassau County, on 
the order of 50 mgd in 1953, are a sub- 
stantial fraction of the estimated total 
water available now. If population 
and water use continue to increase, the 
net withdrawals may approach the 
available supply in the foreseeable fu- 
ture. Should present trends continue, 
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the ultimate critical question will be 
how much fresh water can be pumped, 
and from what sources, without caus- 
ing serious encroachment by sea water. 

It has been shown that much—but 
far from all—of the general back- 
ground needed for understanding the 
source and occurrence of ground water 
in Long Island (especially the western 
part) is known. For much of Suffolk 
County, even the general background 
is not well known. But more impor- 
tant at present, in the western part of 
the island, where heavy and increasing 
withdrawals are concentrated in small 
areas, the general background is no 
longer good enough. Adequate know!l- 
edge of the details and smaller-scale 
features that control or reveal the oc- 
currence and movement of the ground 
water is not available. 

For example, in northwestern Nas- 
sau County and adjoining parts of 
Queens, water of relatively high chlo- 
ride concentration has been observed 
in a few wells. To cope with this 
problem adequately, the direction from 
which this salty water came and the 
conditions under which it has moved 
in the past and may move in the future 
must be worked out. Also, in any 
estimation of the total water available 
in the north shore peninsulas of Nas- 
sau County, bordered by salt water on 
three sides, it would be necessary to 
have such information as the extent to 
which rain falling on the land surface 
in those areas may be intercepted by 
impermeable strata at shallow depth 
and diverted before reaching the 
deeper aquifers that now supply most 
of the water. Furthermore, one sig- 
nificant element of the total discharge 
of water from Long Island is thus far 
essentially unmeasured: the amount of 
water in drains and storm sewers that 
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is conducted directly or indirectly to 
the sea, correspondingly reducing the 
natural replenishment. 

Thus, there are still large gaps in 
the knowledge of the geology and hy- 
drology of Long Island. As water use 
increases, so will the importance of fill- 
ing these gaps. 
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Conservation of Ground Water on Long Island 


Arthur H. Johnsor 


A paper presented on Sep. 9, 1954, at the New York Section Meeting, 
Montauk, N.Y., by Arthur H. Johnson, Assoc. Engr., State Water 
Power & Control Com., Jamaica, N.Y. 


ONG ISLAND, which is a part of 
New York State, has a land area 

of approximately 1,373 sq miles and is 
situated in the Atlantic Ocean north- 
east of New York City. The island, 
about 120 miles in length and a maxi- 
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Fig. 1. Long Island Population Growth 


The solid lines are based on census fig- 
ures; the broken lines represent estimates. 


mum of 23 miles in width, is separated 
from the mainland by Long Island 
Sound, a body of salt water 1-15 miles 
wide (see map, page 342). The topog- 
raphy of the island is quite uneven, 


with the southerly half composed of 
low, flat plains, except at the extreme 
eastern end. The northern shore of 
the island consists of rolling hills in- 
dented by numerous bays and harbors. 

According to the most recent esti- 
mates, more than 5,000,000 persons 
reside on Long Island, about two- 
thirds of them in the western third of 
the island, in the counties of Kings 
(Brooklyn) and Queens (Fig. 1). 
During the past 5 years there has been 
an above-average increase in the de- 
velopment of large real estate subdivi- 
sions, especially in Nassau County, 
where many large truck farms have 
been acquired for residential housing 
projects. Levittown, in Nassau County, 
with more than 10,000 homes and a 
population of approximately 52,000, is 
an example of the tremendous growth 
in that county. With most of the 
available land in Nassau County sub- 
divided, developers are presently ex- 
tending their operations into Suffolk 
County, which is the largest of the four 
Long Island counties in area but the 
smallest in population. 

Prior to 1917 all fresh water used 
for domestic and industrial purposes 
was obtained from surface streams, 
ponds, and wells. The available supply 
up to that time met all water require- 
ments. According to records of the 
US Weather Bureau, the average an- 
nual precipitation on Long Island over 
a 50-year period was about 42 in. 


348 


— 


Apr. 1955 CONSERVATION 
Water level measurements, as recorded 
at numerous county and private obser- 
vation wells throughout the island, 
fluctuated with the rate of precipitation. 
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industrial plants were constructed in 
Kings and Queens counties, requiring 
large amounts of water. Immediately 
after World War I many large-capacity 


Pig. 2. Kings County Ground Water Elevations 
The evident improvement since 1950 is also indicated in Fig. 5 (page 353). 


Up to about 1917 there was little 
concern about the large amount of 
fresh water withdrawn in certain areas 
and wasted to the sea after use. Dur- 
ing World War I, however, many large 


wells were put down; at first these 
were relatively shallow and were op- 
erated by suction lift. After several 
years of heavy pumping, the lowering 
of water levels in Kings and Queens 
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led to the introduction of the deep 
well turbine pump. Continued drill- 
ing without control, together with 
heavy pumping in the industrialized 
areas of Kings and Queens, resulted 
in salt water intrusion into the wells 
of a private water company in the 
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2 shows the trend in Kings County 
water levels since 1903. 

Early in 1930 the serious water sit- 
uation in western Long Island made it 
apparent to New York City, and to 
various water companies supplying por- 
tions of Kings and Queens counties, 
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Fig. 3. Known Diffusion Wells, Jan. 1, 1954 


By comparison, on Jan. 1, 1935, there were only nine diffusion wells on Long Island, 
one in Kings and eight in Queens. 


Flatbush section of Kings. Later many 
complaints about the quality of this wa- 
ter by residents culminated in con- 
demnation proceedings by New York 
City, and, on Jun. 30, 1947, all wells 
supplying water to the Flatbush fran- 
chise area of the New York Water 
Service Corp. were shut down. Figure 


that the control of industrial pumping 
was essential. In 1931 the New York 
State legislature set up a joint com- 
mittee to investigate the potable-water 
resources of the state. In April 1933 
the legislature placed the ground water 
resources of Long Island under the 
jurisdiction of the New York State 


a 


Apr. 1955 


Water Power and Control Commis- 
sion. This act required commission 
approval for the drilling of any new 
well or wells when the total capacity 
(old and new wells) on, or for use at, 
one property exceeded 100,000 gpd 
(69.4 gpm).* This provision did not 
apply to agricultural wells or to fire 
wells with no permanent pumping 
equipment. 
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The commission has usually required 
that water pumped from new cooling 
and air-conditioning wells must be re- 
turned to the same aquifer in an un- 
contaminated condition, through an ap- 
proved structure such as a diffusion 
well. A diffusion well may be defined 
as a supply well in reverse. At first 
the drillers’ reaction to this regulation 
was unfavorable, but gradually they 
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Pig. 4. Effect of Diffusion Well 


A—no diffusion well; water from pumping well wasted to ocean after use. 


B—diffu- 


sion well; water returned to ground after use. 


About the time of the passage of this 
act air conditioning began to grow in 
popularity. By 1938 more than 100 
wells for cooling or air-conditioning 
purposes had been completed. By the 
end of 1953 this figure had risen to 
358, an average of about 25 a year 
having been completed since 1949. 


* Reduced to 45 gpm by an amendment 
passed in 1954. 


conceded that putting down two wells 
instead of one was to their best advan- 
tage. From 1933 through 1953, 849 
diffusion wells were sunk on Long 
Island, approximately 715 of which 
were still in use as of Jan. 1, 1954 
(Fig. 3). Records compiled by the 
Water Power and Control Commission 
indicate that during 1953 approxi- 
mately 40 mgd of well water was 
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pumped and returned to the ground 
through diffusion wells or other struc- 
tures (Table 1). 

The first diffusion wells constructed 
in 1934 had steel casings, with slots 
} in. wide and 3 in. long burned into 
the lowermost casing, which took the 
place of a standard well screen. At 
present well screens made of a copper- 
silicon alloy or other approved mate- 
rials are generally specified. It is a 
general policy of the commission to 
require diffusion into the water-bear- 
ing formation being pumped. The ef- 
fect of the presence of a diffusion well 
is illustrated in Fig. 4. 

The screen setting of a diffusion well 
in a formation may be entirely above 
the water table, entirely below it, or 
half above and half below it. Not all 
localities are suitable for installing dif- 
fusion wells, and certain factors must 
be kept in mind: 

1. The size of the plot should be 
large enough to allow at least 100 ft 
between the supply well and the dif- 
fusion well. 

2. The permeability or porosity of 
the underlying formations must be fa- 
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vorable for percolation. Formations 
with a large percentage of clay are not 
adapted to the return of water through 
diffusion wells. 

3. The diffusion well must be lo- 
cated downstream (with reference to 
the direction of underground flow) 
from the supply well, or the tempera- 
ture of the water in the latter will be 
increased considerably. 

4. The depth of the water table be- 
low the ground surface must be con- 
sidered. A high water table may re- 
quire more than one diffusion well; 
pumping into it under pressure is 
generally not recommended. 

5. A diffusion well must be at least 
50 ft deep and must not be located 
close to a building foundation or wall, 
or settlement and cracking of the foun- 
dation or wall may result. 

6. The chemical content of the wa- 
ter to be diffused through wells must 
be ascertained. Waste water with a 
high turbidity and iron content should 
not be discharged into a diffusion well. 

Industrial concerns requiring well 
water are now more cautious than in 
the past and investigate the water re- 


TABLE 1 
Well Water Pumped and Diffused* 
Kings Queens Nassau Suffolk Total 
Year 
Pumped | Diffused | Pumped | Diffused | Pumped | Diffused | Pumped | Diffused | Pumped | Diffused 
med mgd med med mgd med med med med med 
1936 63.2 3.7 69.8 1.0 61.2 0.7 194.2 5.4 
1944 59.7 7.9 58.0 5.2 64.2 5.9 181.9 19.0 
1945 52.1 7.5 52.9 44 49.1 6.0 154.1 17.9 
1946 53.2 7.8 54.8 4.3 59.8 6.3 167.8 18.4 
1947 38.8 7.7 61.5 5.2 72.8 8.7 173.1 21.6 
1948 21.7 7A 56.8 5.0 71.5 5.4 35.5 8.5 185.5 26.0 
1949 21.1 9.9 62.0 4.9 91.4 5.5 38.1 7.0 212.6 27.5 
1950 19.7 8.7 60.3 5.2 85.2 6.1 29.4 7.3 194.6 | 27.3 
1951 16.1 11.8 47.1 6.0 74.8 6.7 27.5 8.4 165.5 32.9 
1952 12.3 12.8 49.5 6.8 81.2 8.8 31.1 10.5 174.1 38.9 
1953 12.0 12.8 52.6 4.1 101.5 11.5 33.4 12.0 199.5 40.4 
* Based on full salted although much is seasonal (air conditioning). Pumpage includes public and industrial 


supply only. 
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sources of a particular area before 
making definite plans for new plant 
construction or expansion. 

Diffusion well capacities vary from 
100 to more than 550 gpm. There 
are, however, four diffusion wells in 
Nassau county which have each been 
diffusing water for the past 8 years at 
a rate of 900 gpm. The majority of 
diffusion wells have capacities of about 
250 gpm (Table 2). 


ON LONG ISLAND 353 


are thirteen county- or state-owned 
open basins, with an estimated capac- 
ity of 40 mil gal. 

Temperature rise is one phase of the 
recharge of waste water through dif- 
fusion wells that must not be over- 
looked. In congested areas, where 
there are continuous lines of closely 
spaced supply and diffusion wells, the 
temperature of the water in the supply 
well is much higher than in less popu- 
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Pig. 5. Recovery of Ground Water Levels 


Readings at these Kings observation wells indicate the extent of recovery since 1947. 


As part of this program, Nassau 
and Suffolk counties are constructing 
a number of large, open basins to re- 
ceive both storm water drainage and 
well water discharge. As of Dec. 31, 
1951, Nassau County had 78 known 
open basins, with an estimated capac- 
ity of 390 mil gal. By September 1954 
more than 300 such basins were in 
operation. In Suffolk County, there 


lous sections. Records of temperatures 
in certain supply wells used in con- 
nection with air-conditioning systems 
throughout Kings County generally 
show an annual temperature rise of 
about 1.25°F over a period of years. 
This increase is undoubtedly due to 
the fact that warm waste water dis- 
charged into the ground through dif- 
fusion wells during the summer months 
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has not had time to cool to the tem- 
perature originally found in the supply 
well, 

In Kings County, since June 1947, 
there has been a favorable balance 
between replenishment by precipitation 
and withdrawal by pumping. Ground 
water levels have improved greatly 
since the shutdown of pumping at the 
wells of the New York Water Service 
Corp. in Flatbush. Water level meas- 
surements taken in December 1953 at 
observation well No. K—507 indicate a 
rise of about 25 ft (to slightly above 
sea level) during this period. In a 
highly industrialized section of Kings, 


TABLE 2 


Diffusion Well Capacities 
(Dec. 31, 1952) 

No. of Capacity 
Wells* apm 

89 
194 
100 
71 


69.4— 99 
100 -250 
251 -350 
351 -450 
49 451 -550 
69 over 550 


* Some installations have two or more diffusers for 
one supply well, 


measurements taken in December 1953 
at observation well No. K-889 indicate 
a rise of more than 29 ft (Fig. 5). 
This well is in the heart of the so- 
called crater section of Kings and, ac- 
cording to measurements taken in June 
1954, is still 6.93 ft below sea level. 
The rise in water levels in the area 
surrounding this well can, no doubt, 
be attributed to the construction of 
many diffusion wells (some of which 
were put down to avoid New York 
City sewer rental charges) and also to 
the fact that many large factories, such 
as breweries and ice plants, either have 
shut down or have installed equipment 
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to recirculate water used in cooling 
operations. In Queens County, how- 
ever, the trend of water levels in most 
populated areas appears to be down- 
ward, indicating some overdevelopment. 

At present more water than ever is 
being supplied to Kings and Queens 
counties from sources outside of Long 
Island. Water from such a source 
(New York City’s Catskill project) 
was first introduced into Long Island 
in 1917. Data compiled by engineers 
of the State Water Power and Control 


TABLE 3 
Sources of Supply 


Quantity— mgd 


1950 1953 


338.7 
72.8 
71.2 
64.1 
13.7 

6.5 
17.7 


584.7 


433.5 
74.9 
79.8 
71.4 
13.7 
16.3 

4.9 


694.5 


Upstate sources 

Municipal* wells 

Private water company wells 
Industrialt wells 

Household wells 

Agricultural wells 

Pond water 


Total 


* Including water districts. 
t Including wells for air conditioning, sprinkling, and 
miscellaneous purposes, 


Commission indicate that approxi- 
mately 330 mgd was supplied from 
off-island sources to Long Island in 
1950. In 1953 the quantity thus sup- 
plied was increased to 433.5 mgd, 
62 per cent of the total amount of water 
consumed on all of Long Island 
(Table 3). 

With the current rate of increase in 
population and in water demand, for 
both domestic and industrial uses, con- 
servation and strict control of the un- 
derground resources of Long Island 
are a necessity. 
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C. L. Crockett 


A contribution to the Journal by C. L. Crockett, Chief Chemist, Mo- 
tive Power Dept., Norfolk & Western Ry. Co., Roanoke, Va. 


ESTRUCTION of a metal by 

either chemical or electrochemi- 
cal action is called corrosion. When 
mechanical forces work toward the 
gradual destruction of a metal, the 
process is generally termed erosion. 
These two factors, corrosion and ero- 
sion, working jointly, produce the most 
serious and costly damage with which 
man must contend wherever metals are 
used. 

This damage has been estimated to 
run as high as six billion dollars per 
year in the United States alone. The 
author does not know if this estimate 
includes replacement costs of items 
that have been depreciated over a rea- 
sonable or expected service life, but, 
in any event, the figure is sufficiently 
large to cause serious concern from an 
economic standpoint. Corrosion losses 
to a single industry, the railroads, 
have been conservatively estimated 
at $268,000,000 annually, while ex- 
penditures for protective coatings for 
structural maintenance are estimated 
to be slightly higher than $20,000,000 
annually. This is less than 8 per cent 
of the amount chargeable against the 
total repair outlay for restoring losses 
due to corrosion. In all industries, the 
cost of protective coatings is normally 
1-2 per cent of the total cost of new 
construction using steel. These fig- 
ures should be a spur to action in cor- 
rosion control and prevention. 


Corrosion is a natural process by 
which most metals tend to revert to the 
ore from which they come, through con- 
tact with air, water, and soil. If this 
reversion were to continue at a con- 
stant rate, the metal would rapidly be- 
come unserviceable. Fortunately na- 
ture provides its own protection, in 
some instances, by forming a film of 
corrosion products on the surface of 
the metal that has been attacked, 
thereby isolating it from further cor- 
rosive action. If this film is continu- 
ally removed by mechanical means or 
dissolved in the surrounding medium, 
the metal loss will continue at a rapid 
rate. When the nature of the attack is 
electrochemical, the corrosion product 
is precipitated at a distance from the 
metal surface, thus failing to provide 
any protection from further corrosion. 
Actually, it is possible to consider any 
chemical action as electrochemical, be- 
cause it is accompanied by the transfer 
or displacement of electrons. Usually, 
however, the term “electrochemical at- 
tack” is applied only when the cathodic 
and anodic areas are separated so that 
electric currents flow for perceptible 
distances through the metal. If this 
flow of current is stopped, corrosion 
cannot occur, and this, of course, is 
the main principle of corrosion pre- 
vention and control. 

The types of corrosion encountered 
in various fields include: 
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1. Cathodic corrosion—resulting 
from a cathodic condition of the struc- 
ture, usually caused by the reaction of 
alkaline products of electrolysis with 
an amphoteric metal. 

2. Contact or crevice corrosion— 
taking place at an area where contact 
is made with a material, usually non- 
metallic. 

3. Fretting corrosion—occurring at 
the interface between two surfaces in 
contact and accelerated by relative vi- 
bration between them with an ampli- 
tude high enough to produce slip. 

4. Galvanic corrosion—associated 
with the current of a galvanic cell 
made up of dissimilar electrodes. 

5. Impingement corrosion—associ- 
ated with turbulent flow of a liquid. 
For some metals, the action is acceler- 
ated by entrained bubbles in the liquid. 

6. Intergranular (intercrystalline) 
corrosion—preferential corrosion at the 


grain boundaries of a metal or alloy. 


7. Stray-current corrosion—caused 
by current passing through paths other 
than the intended circuit or by extra- 
neous current in the earth. 

8. Stress corrosion—corrosion ac- 
celerated by stress. 

9, Rust—the most common form of 
corrosion. 

This is by no means a complete list 
of the known types of corrosion, but it 
gives a good idea of the complexity of 
the problem facing the corrosion engi- 
neer. There is no single solution. 
Each case must be considered individ- 
ually and in relation to its particular 
environment. 


Corrosion Control Methods 


Research on the prevention and con- 
trol of corrosion has been intensified in 
recent years. Among the many ma- 
terials now available are improved 
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paints and other types of protective 
coatings, corrosion-resistant metals, and 
corrosion inhibitors. These materials, 
as well as cathodic protection, can do 
much to reduce the terrific annual cor- 
rosion loss, but they must be properly 
used or they will be of little benefit. 
Many highly rated materials have given 
disappointing results in service be- 
cause they were incorrectly employed 
or were not suitable for the specific ap- 
plication to which they were put. It 
would be impossible to predict accu- 
rately the service life of a coating from 
laboratory evaluation, as there are so 
many varied conditions under which it 
would be used in actual practice. 

The selection of the best available 
material for a given condition and the 
proper supervision of its application 
are the two most important factors in 
the prevention of corrosion. Glowing 
reports of the merits of a new coating 
do not justify its use without further in- 
vestigation. There are many consid- 
erations in choosing the appropriate 
type of corrosion protection. Among 
them are: the kind of service, including 
the environment and local conditions; 
the length of service desired; the 
method of application, including sur- 
face preparation; the labor costs in- 
volved ; appearance ; compatibility ; and 
economics. 

One possible solution is the use of 
corrosion-resistant alloys, but these are 
often too costly or otherwise unsuit- 
able. Metal plating, corrosion inhibi- 
tors, and cathodic protection are fur- 
ther alternatives. In some instances, 
several preventive measures may be 
necessary, such as a combination of a 
protective coating with cathodic pro- 
tection or with an alloy. 

If a protective coating is selected as 
the best available means for a particu- 
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lar environment, the manner of appli- 
cation, with special emphasis on sur- 
face preparation, becomes the most im- 
portant factor. The final assembly or 
adhesion of a protective coating and a 
metal is determined by the molecular 
attraction between the coating and the 
metal, as well as the mechanical bond- 
ing. Because the former depends on 
the formulation of the coating, the lat- 
ter is more subject to control by the 
user; he must decide how much me- 
chanical bonding is necessary and how 
he can most economically obtain it. 
Some of the methods available for sur- 
face preparation are sand blasting, shot 
blasting, wire brushing, solvent or 
steam cleaning, and acid treating. The 
final step, of course, is the careful ap- 
plication of the coating according to 
the manufacturer’s recommendations. 


Railway Experience 


The Norfolk and Western Railway 
has encountered a variety of corrosion 
problems and has attempted to solve 
them by all of the means previously 
mentioned, including: alloys, such as 
“Cor-Ten,” produced by the United 
States Steel Corp.; plating with nickel, 
chrome, cadmium, silver, and other 
metals ; inhibitors ; cathodic protection ; 
and, of course, protective coatings, such 
as alkyd resins, vinyls, vinyl plastics, 
epon resins, graphite paints, polyesters, 
asphalts, and neoprene. 

Boiler corrosion, whether in loco- 
motives or in stationary installations, 
is a common problem. The large ma- 
jority of boilers and steam pipes are 
constructed of plain carbon or low- 
alloy iron and steel. The corrosive 
medium is always water, both liquid 
and vapor, and its behavior is influ- 
enced by its purity and the dissolved 
gases it contains. One of the greatest 
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promoters of pitting corrosion is dis- 
solved oxygen. At all temperatures 
and even in an alkaline solution, it is 
an active depolarizer. This action can 
usually be overcome by mechanical de- 
aeration and the use of scavenging 
chemicals like sulfite. 

The Norfolk and Western Railway 
has under test a steam turbine electric 
locomotive with a specially designed 
water tube boiler. As this is a radical 
departure from the conventional type 
of fine-tube boiler used in steam loco- 
motives, extraordinary measures were 
necessary to control scale and corro- 
sion. This boiler operates at 650-psi 
pressure and at temperatures up to 
900°F, in the superheater units. The 


tubes are susceptible to pitting corro- 
sion from dissolved oxygen, owing to 
the increased temperature and pres- 
sure, and control of scale is much more 
critical in a water tube boiler than in 
the conventional type. 


To overcome these problems, it was 
first necessary to install a cation-ex- 
change softener on the water tender 
behind the locomotive. Water treated 
in lime-soda plants is taken into the 
tender. This water has an average 
hardness of 25 ppm. As the water is 
required, it is pumped through the 
softener and the hardness is reduced 
to less than 1 ppm, or, for all practical 
purposes, to zero. The water then 
passes through a de-aerating heater 
and is mechanically atomized into an 
atmosphere of steam. Nearly com- 
plete removal of gases is obtained. As 
further insurance of the absence of 
hardness compounds and residual oxy- 
gen, two chemical tanks are installed 
on the locomotive, one containing phos- 
phate for hardness removal, and the 
other sulfite for the removal of oxygen. 
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These chemicals are injected into the 
boiler feedwater by air-operated pumps 
whose strokes are automatically con- 
trolled by the rate of flow of the water 
to the boiler. An attempt is made to 
maintain an excess of at least 25 ppm 
phosphate and 30-40 ppm sulfite. The 
pH is kept between 10.8 and 12.0 and 
is regulated, along with the dissolved 
solids, by a continuous blowdown set- 
ting through meter controls. The rail- 
road has operated this locomotive since 
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May 1954, and the results of the 
monthly boiler inspections have been 
very satisfactory. 

Until the tremendous annual cost of 
corrosion is greatly reduced, efforts to 
stimulate research and production of 
improved protective coatings and other 
corrosion preventives must be con- 
tinued. Industry must also increase 
its knowledge of the corrosion prob- 
lems confronting it and of the means 
of combating them most effectively. 


Sheboygan, Wis., Dental Survey Results 


Sheboygan, Wis., water has been fluoridated (1 ppm) since Feb. 25, 1946. 
Dental surveys of kindergarten and public school children are made in October 


of each year. 
before fluoridation was begun. 


Below are shown the results of such surveys since 1945, the year 


Kindergarten (Deciduous Teeth) 


Grades 7-9 (Permanent Teeth) 


DMF* 


DMF* 


No. of 
Children 
Examined 


Per Cent 
With No 
Caries 


Per Cent 
With No 
Caries 


No. of 
Children 


Examined Per Cent 


Improve- 
ment 


4.80 
4.32 
4.09 
3.46 
2.90 
2.58 
2.22 
1,99 
1.78 
1,68 


20.4 
26.9 
29.17 
32.4 
37.3 
43.2 
47.8 
51.9 
55.7 
57.6 


416 
520 


1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 


39.6 
46.2 


62.9 
65.0 


2.77 
2.61 
3.28 
3.4 


1,877 
1,590 
1,642 
1,442 
1,566 2.9 
1,522 4.2 
1,519 3.4 
1,497 4.6 
1,494 5.75 
1,486 7.8 


t 
5.28 
14.8 
19.0 
18.0 
21.9 
23.4 
29.7 
37.1 
40.7 


* Decayed, missing (due to decay), and filled teeth. 
t Prefiuoridation, 


: 
3 |_| 
| ore 
| Per Cen 
| improve- Child | 
ment 
10.0 
| 14.8 7.27 
6.92 
27.9 
525 
6.54 
53.7 
456 
668 58.5 . 
$49 5.06 
549 | . 


Chemical and Physical Reactions 
in Water Heaters 


J. Robert Popalisky 


A paper presented on Sep. 28, 1954, at the Missouri Section Meeting, 
Jefferson City, Mo., by J. Robert Popalisky, Supt. of Purif., Water 


Dept., Kansas City, Mo. 


N general, the chemical and physical 

reactions often encountered in a 
water heater lead to both scale forma- 
tion and corrosion, one of which will 
predominate. These scaling and cor- 
roding tendencies are affected by the 
constituents of the water, such as pH, 
dissolved mineral matter, and dis- 
solved gases. Also important are: 
temperature; period of water reten- 
tion; internal water velocities; pres- 
sure within the heater; basic construc- 
tion materials; lining composition and 
application ; and use of bimetallic cou- 
ples in the heating system. 


Corrosion Effects 


Corrosion consumes the metals in a 
heater or converts them into useless 
compounds, weakening the tank struc- 
ture. This deterioration can be of 
different degrees and types. Some of 
these are: grooving of the metal, 
by carbon dioxide dissolved in the 
water ; pitting of the metal, by oxygen 
dissolved in the water ; and generalized 
oxidation of the entire metal surface 
(less severe oxygen corrosion). 

Chemical equations for the corrosion 
of iron are: 


1. Direct acid attack: 
Fe + H,CO, — FeCO, + H, Tf 
2. Oxidation in solution: 
4Fe + 30, + 6H,O — 4Fe(OH), | 
3. Direct oxidation: 
4Fe + 30, 2F,0, | 


The products formed by the dis- 
solved gases act as a protective coat- 
ing for the metal underneath if the 
coating is left undisturbed. The prod- 
ucts are very brittle, however, and do 
not flex with the metal under different 
pressures, nor do they expand and con- 
tract at the same rate as the metal 
under heating and cooling. Conse- 
quently, the corrosion products flake 
off, exposing bare metal to a fresh at- 
tack. Corrosion products are also sub- 
ject to erosion under high-velocity use 
of hot water. The faster the water is 
run through the tank, the greater the 
erosion. Moreover, the water currents 
bring up fresh supplies of oxygen or 
carbon dioxide to promote further de- 
terioration. The corroding process is 
also speeded up by higher temperatures. 


Protective Linings 


Hot-water storage tanks are subject 
to rapid corrosion unless the water is 
treated or the metal surface is pro- 
tected in the form either of a heavy 
scale or an artificial lining. The inert 
inorganic materials generally used for 
tank linings include glass, silicates, 
enamel, and Portland cement. These 
materials are not affected by hot water. 
The active inorganic lining materials 
usually used are zinc, copper, or stain- 
less steel. Of the three, zinc is by far 
the most commonly employed. 
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Zinc linings may be applied in four 
ways: by galvanizing, sherardizing, 
electroplating, or spraying. The thick- 
ness of zinc on steel usually varies 
from 0.625 to 1.375 oz per square foot 
of coated surface. The ability of the 
lining to stand distortion decreases 
with an increase in thickness, Gal- 
vanizing is probably the best method 
of application for water heaters, a 
thick, dense, well annealed lining being 
easily obtained. 

Tests indicate that the rate of corro- 
sion of zine increases proportionately 
with the percentage of impurities pres- 
ent over a certain minimum. An ordi- 
nary practice in galvanizing is the 
addition of aluminum to the bath in 
order to increase the flowing qualities 
of the zinc and to give a more attrac- 
tive appearance. Aluminum in excess 
of 0.1 per cent, however, can destroy 
the effectiveness of the zinc. Other 
metals can be equally deleterious. 

Zinc, by itself, cannot be considered 
as a permanent lining for water heaters 
because of the harmful effects of water 
and substances in solution. Zinc is 
soluble in water at all pH values. 
Penetration into zinc varies from 0.20 
in. per year at pH 3.0 to less than 
0.0004 at pH 12.0. Although the pH 
value, in itself, is not particularly sig- 
nificant, it can become very important 
where adjustment in the pH may 
lead to mineral scale formation or 
dissolution. 

Bicarbonate and hydroxide ions are 
a part of the water’s mineral content 
that may be corrosive to zinc-lined 
heaters at high temperatures. The bi- 
carbonates break down to normal car- 
bonates and carbon dioxide dissolved 
in water or evolved as gas. This will 
make a direct acid attack on a heater, 
resulting in grooving. Hydroxides 
strongly dissolve zinc and break down 
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to hydrogen and oxygen under local- 
ized high temperatures. The dissolved 
oxygen thus replenished goes on 
forming oxides of iron and zinc, while 
the hydrogen coats the metal surfaces. 
According to Speller (1), this coat- 
ing action is due to the overvoltage * 
of hydrogen where only one metal is 
involved. If different, adjacent metals 
—such as zinc and iron or zinc and 
copper—are both coated by hydrogen, 
however, the zinc will be heavily at- 
tacked and the adjacent metal will be 
protected. Where a metal high in the 
emf series and in overvoltage has elec- 
trical contact with another metal lower 
in the emf series and in overvoltage, 
hydrogen overvoltage no longer pro- 
vides protection. Gas evolution takes 
place from the second metal, greatly in- 
creasing the corrosion rate of the first. 
The overvoltage of hydrogen with 
respect to metals common in heaters 
is as follows (metals listed in emf se- 
ries order) : zinc, 0.75 v; iron, 0.27 v; 
nickel, 0.24 v; and copper, 0.33 v. 
Zinc would always be the metal that 
is attacked. Oxygen and carbon diox- 
ide are liberated from solution upon 
heating and cause a direct attack on 
zinc, as indicated by these reactions: 
Bicarbonate decomposition: 
4HCO, + heat — 2CO, + 2CO, T 
+ 2H,7+0O,T 
CO, + Zn > ZnCO, | 
Source of hydrogen overvoltage: 
H,O + heat —~ H + OH 
2H + 20H — 2H, Tf + O2T 
Direct attack: 
H,O + CO, + Zn — ZnCO, | + H, Tf 
O, + 2Zn — 2ZnO | 
Continual removal of zinc oxide pro- 
tective coating: 
ZnO + CO, — ZnCO, | 
ZnO + H + OH — Zn(OH), | 


*Overvoltage is the difference between 
the potential of an electrode at which a re- 
action is actively taking place and another 
electrode at equilibrium for the same reaction. 
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The maximum temperature reached 
in any part of the water heater has a 
direct bearing upon the protective 
quality of zinc. Both Schikor (2) and 
Speller show that, under certain condi- 
tions, zinc could become cathodic to 
steel and thus actually accelerate cor- 
rosion rather than retard it. It was 
found that, if the temperature of the 
water in a galvanized heater is 120°F 
or less, zinc does not become suffi- 
ciently cathodic to produce a couple 
with exposed iron. At a temperature 
as high as 150°F, the zinc becomes 
more cathodic, causing rapid corrosion 
of the iron. 

Kenworthy (3), who studied the 
problem of copper and galvanized iron 
in the same heating system, concluded 
that the rate of corrosion of galvanized 
iron or zinc is materially increased by 
traces of copper in the water. The 
copper appears to deposit as small 
metallic particles on the surface of the 
zinc. Galvanic cells then form, with 
the copper particles as cathodes and 
the zinc surface as the anode. Suffi- 
cient copper can be dissolved by the 
simple passage of water through cop- 
per pipes to produce a noticeable effect 
upon the corrosion rate of zinc without 
an apparent loss of metal from the 
pipes. The amount of copper dissolved 
will depend on the composition of both 
pipe and water. 


Cathodic Protection 


If cathodic protection, such as by 
externally applied potentials or by gal- 
vanic coating, is used in connection 
with galvanized iron, the zinc can be- 
come nearly a permanent coating. At- 
tention to the source of cathodic pro- 
tection is all that is required; for ex- 
ample, a magnesium rod used as a sac- 
rificial anode should be inspected twice 
a year and replaced when consumed. 
Cathodic protection installations may 
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be of various types. As previously 
mentioned, rods or bags of magnesium 
can be used as sacrificial anodes, with 
a metal-to-metal connection to the tank 
or metal body to be protected. A non- 
sacrificial carbon electrode can be uti- 
lized, a controlled direct current, on 
the order of several volts and 0.25 amp, 
being applied to the carbon and the 
metal vessel. This arrangement does 
electrically what a sacrificial anode 
does electrochemically. 

The significant factors in controlling 
the corrosion rate, or effective life, of 
galvanized-steel water heaters are: 
[1] the use of cathodic protection; [2] 
the composition and method of appli- 
cation of the zinc coating; [3] the 
temperature of the water; [4] the pres- 
ence or absence of copper; and [5] 
the types of negative ions in the water. 

Copper and stainless steel form com- 
paratively durable coatings when elec- 
troplated to a substantial thickness on 
iron or steel. As these metals are also 
cathodic to iron, the coating must be 
continuous and free from pores. A 
very thin coating would be useless. 

The results of recent studies indicate 
that, if zinc-lined heaters are to be 
used, the plumbing should all be gal- 
vanized. If copper plumbing is to be 
employed, the tank should be lined 
with an inert inorganic material or 
with copper. It is possible to protect 
galvanizing from copper by a galvanic 
cell and electrical insulation. This re- 
quires careful maintenance, however, 
and the expected life of the galvaniz- 
ing is always in doubt. 

The use of bimetallic couples in a 
heating system leads to rapid corro- 
sion. In brass fittings connected di- 
rectly to galvanized pipes, the copper 
would be cathodic and the zine a sacri- 
ficial anode. Bimetallic couples must 
be electrically insulated. A_ plastic 
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pipe nipple specially designed for this 
purpose is on the market. 


Scale Formation 


Scale is formed by the deposition of 
the dissolved mineral matter from 
water. The worst effect of scale is its 
insulation of the water side of a heat 
transfer unit, leading to difficulty in 
heating the water. An accumulation 
of scale at any point can cause over- 
heating of the metal at that place, re- 
sulting in rapid metal deterioration. 
Scale will reduce the inside diameter 
of the adjacent hot-water pipes and 
can also be the indirect cause of severe 
localized corrosion. The expansion 
coefficients of metals and scale com- 
pounds are not the same. This leads 
to checking or flaking off of the scale, 
exposing small sections of bare metal. 

Scale formation can occur as a soft 
sludge, which will pile up on the bot- 
tom of the heater, and as a firm, but 
presumably soft, coating or extremely 
tenacious, hard scale on the sides of 
the heater or in adjacent pipes. 

The more common dissolved mineral 
constituents are: calcium bicarbonate, 
calcium carbonate, magnesium bicarbo- 
nate, sodium bicarbonate, calcium sul- 
fate, magnesium sulfate, sodium sul- 
fate, magnesium chloride, sodium chlo- 
ride, sodium nitrate, and silica. Of 
concern in the heating of water are 
the compounds of calcium, magnesium, 
and silica. In domestic water heaters, 
calcium carbonate (CaCO,) and a hy- 
drated magnesium silicate (3MgO- 
2SiO,:2H,O) comprise the bulk of 
every scale formation, except for cor- 
rosion products. Other scale com- 
pounds occur at temperatures and pres- 
sures not ordinarily reached in domes- 
tic water heaters. Two factors, pH 
and temperature, affect the degree to 
which the carbonate and silicate pre- 
cipitate in domestic water heaters. 
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The most common cause of scale is 
the decomposition of calcium bicarbo- 
nate into calcium carbonate by heat. 
The solubility of calcium carbonate de- 
creases at elevated temperatures: at 
140°F it is 42 ppm, and at 180°F 30 
ppm. The equations for these re- 
actions are: 

Ca(HCO,), + heat > CaCO, | 
+ H,O + CO,T 
CaCO, + heat — CaCO, | 

The form that this precipitation 
takes will depend upon the degree of 
temporary hardness, the time the water 
is retained in the heater, the tempera- 
ture reached in any part of the system, 
the amount of water drawn off, the 
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Fig. 1. Silica Removal and pH 


The effects of pH on silica removal (and, 
hence, on scale formation) from water at 
140°F are charted here. 


pressures exerted, and the structural 
characteristics of the heater. This 
type of scale trouble is not very bad 
when the temporary hardness is less 
than 75 ppm, but, when greater, depo- 
sition of scale becomes a_ serious 
problem. 

The other form of scale—hydrated 
magnesium silicate—occurring in heat- 
ers is mainly dependent upon the pH 
of the water, but its rate of formation 
is directly proportional to the tempera- 
ture. In domestic water heaters, this 
reaction does not occur appreciably if 
either the silica or the magnesium con- 
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tent is less than 2.0 ppm. Magnesium 
or silica can form a scale by itself, but 
only under certain unusual conditions. 

As hydrated magnesium silicate is 
composed of approximately equal parts 
of magnesium and silica (43.7 per cent 
magnesium, 43.4 per cent silica, and 
12.9 per cent water), this condition 
can be dealt with from the standpoint 
of either magnesium or silica. Figure 
1 charts the effect of pH and the initial 
silica content of the water on the for- 
mation of this scale at 140°F. With 
an initial silica content of 14 ppm, at 
a pH of 10.2, 8.5 ppm silica would be 
precipitated; at a pH of 9.3, 1.5 ppm 
silica would be precipitated. With 
sufficient magnesium present, an equal 
amount of hydrated magnesium silicate 
would be removed. 


TABLE 1 
Crystalline-Scale Constituents 


Constituents 
CaSO, 

Mg(OH)s: 


Scales 
Aconite 
Anhydrite 
Brucite 
Cancrinite 


Noselite 
Serpentine 
Xonotlite 


Magnesium silicate is a complex 
crystalline compound. The presence 
of trace elements, such as aluminum, 
is likely to result in the formation of a 
more complex scale. The actual chem- 
ical composition of this type of scale 
can be identified by X-ray diffraction 
only. Table 1 lists the results of sev- 
eral such analyses. The precipitation 
of the scale generally takes place in 
the pipe immediately adjacent to the 
heater, or at any point in the heater 
where boiling may occur, owing to 
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structural characteristics or sludge ac- 
cumulation blanking. 


Conclusion 


The critical water temperature in 
domestic water heaters is about 140°F. 
At this point physical and chemical re- 
actions are slow, but above it they be- 
come very rapid. It is not necessary 
to go beyond the critical temperature 
to obtain sufficient hot water if ade- 
quate storage is provided. The water 
entering the heater should have slight 
tendency to deposit calcium carbonate. 
For this, a 0.4-0.8 Langelier stability 
index and a temporary hardness of less 
than 75 ppm are desirable. The scal- 
ing conditions caused by compounds 
other than calcium carbonate in the 
water must be carefully controlled. 

Corrosion in water heaters can be 
controlled through the use of proper 
construction materials and good struc- 
tural design. Where it is necessary to 
have temperatures in excess of 140°F, 
treatment for scale prevention must be 
provided. 

The author believes that the control 
of domestic water heater installations 
should be in the hands of the water 
works industry. The consumer then 
would be sure of the best possible hot- 
water service. 
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New Jersey Licensing and Tenure Laws 
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A paper presented on Nov. 5, 1954, at the New Jersey Section Meeting, 
Atlantic City, N.J., by Kenneth J. Carhart, Chief, State Bureau of Ex- 
amination & Licensing, Trenton, N.J., and Robert S. Shaw, Chief Pub- 
lic Health Engr., State Dept. of Health, Trenton, NJ. 


EW JERSEY, a pioneer in the 

field, has been licensing water 
treatment plant operators since 1918 
and water supply system operators 
since 1938. A basic reason for licens- 
ing is the protection and preservation 
of the public health, safety, and wel- 
fare. So that the owners or managers 
of public water works may secure the 
services of capable superintendents or 
operators, the State Dept. of Health 
holds license examinations at least 
twice annually. These are conducted 
by persons appointed by the state and 
held at a designated place under official 
regulations for determining the quali- 
fications of applicants. 


Requirement of License 


State law prohibits anyone from 
functioning as the superintendent or 
operator in charge of a public water 
supply or treatment plant unless he is 
the holder of a license issued by the 
State Dept. of Health. The terms 
“superintendent” and “operator” mean 
any person (whatever his local title) 
who is in direct general charge of a 
public water works and is responsible 
for supervising the condition, opera- 
tion, and effectiveness of its facilities, 
as well as for the safety or quality of 
the finished water. A public water 
works is defined as one which treats 


or supplies water for consumers in 
twenty or more dwellings or properties. 

The state health department regula- 
ions for the administration of the li- 
censing law have been revised from 
time to time to meet changing condi- 
tions. The latest set of regulations 
became effective Sep. 25, 1953. Ex- 
aminations for licenses are prepared, 
conducted, and graded by a group of 
persons known as the Board of Exam- 
iners, composed of nine members. 
Three of these are employed in the 
health department Bureau of Public 
Health Eng. Another three are super- 
intendents or operators who have at 
least 5 years’ experience in the opera- 
tion of public water works, and possess 
a first-class water treatment plant li- 
cense or a Group One water supply 
system license. The remaining three 
board members are superintendents or 
operators with at least 5 years’ experi- 
ence in the operation of public sewage 
treatment plants and possessing at least 
a Grade A license. 


Examination Applications 


Applications for admission to exam- 
inations are made on forms furnished 
by the health department. The forms 
must be filed with the Bureau of Ex- 
amination and Licensing not later than 
Apr. 10 and Nov. 10 of each year in 
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order to be reviewed by the Board of 
Examiners sufficiently in advance of 
the examination date. Admission to 
examination is dependent upon the 
information furnished in the applica- 
tion, which must be accompanied by 
documentary evidence in support of 
claims of educational and experience 
qualifications. 

Educational credit is given for col- 
lege training, technical-college degrees, 
and the possession of a New Jersey 
professional engineer’s license. Credit 
is also given for special technical or 
practical studies pursued in vocational 
schools, college extension courses, and 
operators’ short courses (held at Rut- 
gers University and the Camden 
County Vocational School). 

Credit is given for full-time experi- 
ence obtained in the actual operation 
of a utility like the one for which an 
applicant desires to acquire a license. 
Some credit may be given for experi- 
ence in allied lines of work. In-service 
training under a qualified superintend- 
ent or operator may also be credited 
as full-time experience. This is pos- 
sible when a person holding a proper 
license secures permission from the 
State Dept. of Health to supervise the 
operation of a water supply system or 
treatment plant in addition to his pri- 
mary employment. In that fashion, a 
plant needing a licensed operator com- 
plies with the law, and a prospective 
operator gains the required experience 
under a qualified person. The health 
department holds the supervisor re- 
sponsible for the satisfactory operation 
of the plant or system until the trainee 
has obtained a license and is officially 
placed in charge. This is a valuable 
section of the regulations, as it enables 
owners of water works to secure quali- 
fied, licensed supervision quickly in 
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the event of the unexpected loss of the 
regular superintendent or operator. 


License Classifications 


For licensing purposes public water 
supply systems are classified into four 
groups, based on the volume delivered 
(Group One is the highest, Group 
Four the lowest). A special classifi- 
cation, Group S, applies to all systems 
with not more than approximately 50 
services, and to other systems that the 
health department may not regard as 
requiring a higher license classification. 

The five classifications for public 
water treatment plants are based on 
the following factors: [1] method or 
degree of treatment; [2] daily volume 
to be treated; and [3] source of sup- 
ply. The lowest classification, fifth 
class, applies only to plants treating 
less than approximately 25,000 gpd 
for a public school. 

Revisions of the licensing regula- 
tions are made with the proviso that 
the status of the holder of any license 
issued prior to the adoption of the new 
rules will not be affected. Thus, an 
operator is protected if the classifica- 
tion of license required for the opera- 
tion of his plant is revised upward. 


License Fees 


The license fee is $5.00 per year, 
$2.00 of which must be submitted with 
the application for admission to exami- 
nation, the balance being paid upon 
successful completion of the test. 
Should the health department deny 
the issuance of a license to any appli- 
cant (or refuse him admission to the 
examination), the initial fee of $2.00 
is not returned. 

All licenses expire on Sep. 30 of 
each year. Renewal may be made at 
any time during September by pay- 
ment of a fee of $5.00. The failure of 


366 


a licensee to renew in September does 
not deprive him of the right of re- 
newal, but he must pay a $1.00 penalty 
for every three months of delinquency. 
Licenses not renewed within 2 years 
from the date of expiration are auto- 
matically revoked. 


Revocation and Tenure 


The public is protected against the 
negligence of licensed superintendents 
or operators who become lax in the per- 
formance of their duties in the power 
of the Dept. of Health to revoke licenses 
under certain conditions. 

The license holder is also protected, 
because revocation of a license can be 
accomplished only after a hearing held 
by the health department. The licensee 
must have an opportunity to be heard 
either in person or by counsel. It must 
be determined that the superintendent 
or operator is incompetent, that he has 
willfully neglected his duty, or that he 
has disregarded or disobeyed lawful 
orders or regulations of the health de- 
partment before a license may be re- 
voked. The hearing assures both the 
state and the licensees equal oppor- 
tunity to present their case. Revoca- 
tion proceedings against licensed oper- 
ators are rarely necessary, and few 
licenses have been revoked. 
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An outstanding feature of the licens- 
ing law is its tenure provisions. A 
person with 5 years of consecutive 
service in general charge of the opera- 
tion and maintenance of a publicly 
owned water works facility may not be 
removed or subjected to a salary re- 
duction except for good cause and after 
a public hearing. A public board, of- 
ficer, or commission which has the 
power to appoint a successor to such 
a person must arrange a hearing. The 
defendant must receive a written copy 
of the charges and must be notified 
of the time and place of hearing at least 
5 days in advance. 

The officials in charge of a hearing 
are responsible for determining if the 
accusations are justified. The entire 
process is designed to protect water 
works employees from the effects of 
political changes. The public is also 
benefited in that continuity of capable 
operation of publicly owned water 
works is assured. 

The basic function of the licensing 
law is to protect the people’s health, 
comfort, and property by requiring 
adequate and competent supervision of 
all public water works. Although the 
New Jersey law has been challenged 
in the courts, it has been upheld in all 
its provisions. 
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Development of the California Water Plan 


C. A. Griffith 


A paper presented on Oct. 29, 1954, at the California Section Meeting, 
Long Beach, Calif., by C. A. Griffith, Chairman, State Water Re- 


sources Board, Azusa, Calif. 


EGISLATION enacted in 1947 au- 
thorized the California Water Re- 
sources Board to restudy and bring up 
to date the State Water Plan prepared 
by the State Div. of Water Resources 
in 1930. The board, with the technical 
assistance of thet division, has since 
carried out complex and detailed in- 
California. First a complete inventory 
vestigations of the water resources of 
of the water resources of the state was 
made. Next came a detailed study of 
present water utilization, including the 
classification of all irrigable and habit- 
able lands in California. On the basis 
of this study, the future water needs 
have been estimated for every part of 
the state. The third phase of the study 
is the formulation of a plan for the full 
practicable development, control, and 
utilization of water resources through- 
out the state. That is quite an under- 
taking. It involves bringing water to 
every irrigable and habitable acre in 
California. It involves flood control 
in regions where excess waters go to 
waste. It involves the generation of 
hydroelectric power in controlling these 
excess waters. It involves new water 
supplies for irrigation, domestic, and 
industrial use. It involves salinity con- 
trol on such major rivers as the Sacra- 
mento—San Joaquin system. It in- 
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volves replenishment of depleted un- 
derground reservoirs and repulsion of 
sea water from coastal basins. It in- 
volves preservation of fish, wildlife, 
and recreational resources, In fact, it 
involves something specific with re- 
gard to water conservation, control, 
protection, and utilization for every 
area in California. 

Such a plan may seem very much like 
an attempt to create Utopia. If the 
plan were complete and could be ex- 
ecuted all at once, California would in- 
deed resemble Utopia, insofar as water 
conditions are concerned, although 
there probably would be several thou- 
sand pending lawsuits regarding the 
distribution of water resources in this 
Utopia. It must be said in cold reality, 
however, that the California Water 
Plan, as presently envisioned by the 
engineers of the State Div. of Water 
Resources, will probably never be com- 
pletely realized. Nevertheless, certain 
phases of it are now physically and 
economically feasible, and some of 
these will be discussed in more detail 
later. 


Hydrologic Regions 

Climatically and geographically, 
California is a jigsaw puzzle which has 
heen scattered by the careless hand of 
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Pig. 1. California Hydrologic Regions 


1—North Coastal Area; 2—San Francisco Bay Area; 3—Central Coastal Area; 4— 
South Coastal Area; 5—Central Valley Area; 6—Lahontan Area; 7—Colorado Desert 
Area. 


nature over approximately 700 miles 
of the Pacific Coast. The major 
sources of water are located where they 
can conveniently waste into the ocean 


unused. The great productive land 
areas are placed where water supplies 
are insufficient. There are desert 
areas that could be made into a veri- 


| OREGON 
{: 
| 
/ 
& | 
\ — | 
\ 
\ > eA, 
Noe 
San Francis © 
\ 
\ Lake Mead 
= 
\ Los Angeles 
bs Bakersfield > 
_ 4 4 
\ C0 


Apr. 1955 CALIFORNIA 
table Garden of Eden, if water could be 
brought to them. And complicating 
this jigsaw puzzle of land and water 
are intervening mountain ranges. 

For the purposes of developing the 
California Water Plan, the state has 
been divided into seven hydrologic 
regions (Fig. 1). Region No. 1, the 
North Coastal Area, comprises 19,586 
sq miles of largely mountainous lands 
containing almost 41 per cent of the 
state’s annual water supply in the form 
of precipitation and runoff. The 
annual average runoff amounts to 
about 28,886,000 acre-ft. Region No. 
2, the San Francisco Bay Area, with 
4,409 sq miles of land, has a total of 
only 1.8 per cent of the annual runoff. 
Region No. 3, extending down the 
coast from Santa Clara through Santa 
Barbara County, has 11,284 sq miles of 
land and 3.4 per cent of the state’s 
annual runoff. Region No. 4, stretch- 
ing south from Santa Barbara County 
to the Mexican Border and east from 
the coast to the divide of the Coast 
Range, has 10,955 sq miles of area, 
about 50 per cent of the state’s popula- 
tion, and only 1.7 per cent of the annual 
runoff. Region No. 5, the great Cen- 
tral Valley Basin, extends south from 
Modoc County to the Tehachapi Range 
and east from the Coast Range to the 
Sierra Nevada. It comprises 59,424 
sq miles and has 47.5 per cent of the 
annual runoff, or a total of 33,637,000 
acre-ft per year, on the average. 
Region No. 6 takes in all of the area 
east of the Sierra Nevada, from Modoc 
through San Bernardino County. Its 
area is 32,907 sq miles and it receives 
4.5 per cent of the total runoff. Region 
No. 7, the Colorado Desert Area, in- 
cludes 19,730 sq miles of land and has 
only 0.3 per cent of the state’s runoff. 


WATER 


PLAN 369 


Early Developments 


From a nontechnical standpoint, the 
problem of equalizing California’s land 
and water resources is relatively sim- 
ple. It boils down to taking the water 
from where it is to where it isn’t. 
That principle was followed in all of 
the early water developments. At first 
it was merely a matter of diverting 
water from a stream to the adjacent 
lands. Soon it became necessary to 
go upstream and impound winter sur- 
pluses, building major dams, reser- 
voirs, and water transportation sys- 
tems. Linked with these was the de- 
velopment of hydroelectric power. 
And, with hydroelectric power, came 
improved pumps that made it possi- 
ble to reach into the vaults of the 
earth to tap the waters stored there. 

Each of these steps has filled a gap 
in the state’s ever growing water needs, 
but each, in turn, has proved insuf- 
ficient. With virtually all of its local 
water supplies developed, Los Angeles 
went to the Owens River for addi- 
tional water. Then major areas in 
Southern California formed the Metro- 
politan Water Dist. and sought their 
supply from the Colorado River. 
Meanwhile San Francisco and Oak- 
land went to the High Sierra for their 
water. Although these projects, stu- 
pendous as they were, filled a particu- 
lar need for a limited period, they did 
not solve the state’s water problem. 
The Central Valley Project, designed 
to deliver supplemental water from 
areas of surplus in the Sacramento 
Valley to areas of deficiency in the 
San Joaquin Valley, likewise is in- 
tended to fill a specific need. This 
project is only a magnification of what 
more than 100 irrigation and reclama- 
tion districts did on their own, with 
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local financing. Without these proj- 
ects, California, for the most part, 
would still be a semiarid wasteland, 
but all of them represent local and 
piecemeal planning. 

The principle of an overall water 
plan has long been recognized. In 
1872 a general water development plan 
for the great Central Valley was con- 
ceived by private enterprise. The Cali- 
fornia Canal and Irrigation Co. pro- 
posed to construct a grand canal along 
the east side of the valley from Red 
Bluff to Bakersfield and another canal 
extending from Red Bluff along the 
west side of the valley. In 1919 Robert 
B. Marshall, who had served for many 
years as chief geographer in charge of 
the topographic branch of the US Geo- 
logical Survey, presented a plan that 
contemplated a system of canals skirt- 
ing the entire rim of the Sacramento 
and San Joaquin valleys, fed by a sys- 
tem of storage reservoirs which would 
conserve and regulate waters then 
wasting into the ocean. Although the 
idea of an overall water plan is not 
new, the methods of putting it to prac- 
tical application have been far from 
clear or coherent. 


Feather River Project 


The Feather River Project, author- 
ized for state construction by the legis- 
lature in 1951, is actually the first 
Statewide project ever proposed for 
California. It can be considered the 
keystone of the California Water Plan, 
and all future development will either 
supplement or parallel this proposed 
method of moving water from areas of 
surplus to those of deficiency. This 
project uses the delta area, where the 
Sacramento and San Joaquin rivers 
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join in a great inland pool at sea level, 
as the fulcrum in moving water from 
north to south. In this respect, the 
Feather River Project differs from 
earlier plans. It follows the principle 
of the Central Valley Project as origi- 
nally conceived by the state engineer in 
1930, but it is designed to deliver water 
outside of the Sacramento and San 
Joaquin valleys, which was never en- 
visioned in the Central Valley Project. 

Because of its great importance in 
all future water developments in Cali- 
fornia, it is worth while to describe 
briefly the major features of this un- 
supply for the project will be pro- 
dertaking. Primarily, the new water 
vided by a dam and reservoir on the 
Feather River about 5 miles above 
Oroville. The dam, as proposed, will 
be the largest in the United States. It 
will reach a height of 710 ft above the 
stream bed and will be 5,040 ft long. 
The reservoir, of 3,500,000 acre-ft ca- 
pacity, will, when operated in conjunc- 
tion with the delta pumping lifts and 
the San Luis Reservoir, make available 
4,000,000 acre-ft of water for export 
to the Santa Clara Valley, the west 
side of the San Joaquin Valley and the 
area south of the Tehachapis, in ad- 
dition to providing 970,000 acre-ft of 
water for the Feather River Service 
Area in the Sacramento Valley. Fall- 
ing water at the dam will be used to 
generate about 1.75 billion kilowatt- 
hours of electric energy. 

The present Feather and Sacra- 
mento stream systems will be used 
as the channels for delivering wa- 
ter to the delta. There, Feather River 
water and other excess flows will be 
picked up at pumping plants for the 
journey southward. The first diver- 
sion, by pumping lift and tunnel, will 
provide 245,000 acre-ft of water to 
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areas in Alameda, Santa Clara, San 
Benito, and San Mateo counties. 

The San Joaquin Valley unit of the 
project will comprise a 6,000-cfs canal, 
pumping lifts, and a proposed storage 
reservoir of about 2,000,000 acre-ft 
capacity on San Luis Creek. This unit 
will provide approximately 2,000,000 
acre-ft of new water for use on the 
west side of Fresno, Kings, and Kern 
counties and deliver water to the 
Southern California portion of the 
project. 

The Southern California unit, with 
pumping plants at Pastoria Creek in 
Kern County, would lift water from 
the San Joaquin unit to el 3,357 and 
into 10} miles of tunnels through the 
Tehachapi Mountains. Several other 
possible routes through the Tehachapis 
are under study. Regardless of the 
final determination of the route to be 
used, it is planned to deliver about 
1,780,000 acre-ft of new water through 
a system of canals and tunnels extend- 
ing as far south as the Mexican border. 

It is presently estimated that the 
project will cost $1,500,000,000. The 
state engineer is now preparing a re- 
port, for the 1955 session of the legis- 
lature, containing a proposed step-by- 
step construction program and suggest- 
ing methods of financing it. This is 
the first real move by California, as a 
state, since 1933 in undertaking the 
financing, construction, and control of 
its future major water developments, 
with the federal government participat- 
ing only to the extent of its interest in 
such matters as navigation, flood con- 
trol, and the preservation of fish, wild- 
life, and recreational resources. 


Future Needs 


Even though the Feather River 
Project will bring approximately 4,- 
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000,000 acre-ft of water to areas of 
deficiency throughout the state, it is 
far from the final answer to California’s 
water problems. One report that the 
State Water Resources Board hopes to 
present in completed form during the 
1955 session of the legislature includes 
certain findings on present and _ ulti- 
mate water uses. In 1954 the popu- 
lation of California was more than 12,- 
000,000. The annual increase is nearly 
370,000. Someday, of course, it will 
reach a saturation point. By 1980 it 
is estimated that the population of 
California will be 21,000,000. 

The present use of water in Cali- 
fornia for all purposes is estimated to 
be about 24,000,000 acre-ft per year, 
which exceeds the safe yield of de- 
veloped water supplies by about 3,- 
000,000 acre-ft per year. In other 
words, the water situation is very muck 
like the national debt. The accumu- 
lated water deficiency under present 
conditions is increasing at the rate of 
3,000,000 acre-ft annually. The board’s 
studies show that, taking into consid- 
eration the use of return flows, it will 
require about 51,000,000 acre-ft per 
year to meet California’s probable ulti- 
mate requirements, a figure that is 30,- 
000,000 acre-ft greater than the safe 
yield of presently developed supplies. 

The average annual ultimate surplus 
of water in the state’s areas of excess— 
the North Coastal Region and the Sacra- 
mento Valley—is estimated to be about 
41,000,000 acre-ft, not including 5,- 
500,000 acre-ft which may be developed 
for future use in these two areas. Of 
this estimated 41,000,000 acre-ft of 
surplus water, studies indicate that it 
will be possible to salvage and put to 
use about 21,000,000 acre-ft annually 
for export to areas of deficiency. 
About 11,000,000 acre-ft of this water 
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must come from the North Coastal 
Region, and the remainder (10,000,000 
acre-ft), from the Sacramento River 
Basin, would be available in the 
Sacramento—San Joaquin Delta. 

Increased imports of Colorado River 
water up to California’s rights in the 
amount of 5,362,000 acre-ft annually 
and possible further development of 
new water in areas of deficient supply 
would make available the remaining 
3,500,000 acre-ft annually. Thus, it 
appears that enough water can be made 
available for California’s future needs. 
This objective will require the con- 
struction of many large multiple-pur- 
pose dams, particularly in the Sacra- 
mento Valley and the North Coastal 
Region, as well as the rational utiliza- 
tion of the state’s large ground water 
storage basins and their coordinated 
operation with the surface reservoirs 
to be created. 

The relatively great importance of 
ground water resources in California’s 
plans to meet its future water require- 
ments should be emphasized. Shasta 
Reservoir, on the Sacramento River, 
will store 4,500,000 acre-ft of water. 
By comparison, the ground water stor- 
age capacity within 200 ft of the sur- 
face in the Sacramento and San Joa- 
quin valleys has recently been esti- 
mated by the US Geological Survey at 
more than 130,000,000 acre-ft. This 
vast regulatory reservoir is available 
for use if the engineerineg and legal 
proklems connected with its planned 
operation can be solved. 


Water Supply Structures 


In studies leading up to the formu- 
lation of the California Water Plan, 
the state’s engineers investigated liter- 
ally hundreds of dam sites on the rivers 
feeding into the Central Valley Basin 
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and on those now wasting their waters 
into the Pacific in the North Coastal 
Area. The method of impounding and 
utilizing waters in the Central Valley 
Basin is well established and requires 
only amplification. 

As early as 1930 the state proposed 
the first transmountain diversion from 
the Trinity River to the Sacramento 
Valley Basin. The federal government 
has accepted this principle of diversion 
and is now urgently seeking congres- 
sional authorization for the construc- 
tion of its Trinity River Project. Cali- 
fornia’s studies have shown that vir- 
tually all water conservation in the 
North Coastal Area will more or less 
parallel the principle of the Trinity 
River Project. The present plan for 
transfer of Trinity River water to the 
Sacramento River watershed is rela- 
tively simple. It involves only the 
construction of a dam and transmoun- 
tain diversion tunnels, which, linked 
with the hydroelectric power drops 
that can be developed, will make this 
project valuable for the water it can 
supply in the Sacramento Basin and 
for its hydroelectric power. 

Future developments in the North 
Coastal Area will be more complicated. 
In addition to dams, power plants, and 
transmountain diversion tunnels, pump- 
ing lifts will be needed. The rivers of 
this area are a great storehouse of un- 
developed hydroelectric power. If 
this potential is realized, there will be 
sufficient power for the pumping plants 
necessary to lift surplus waters from 
the lower reaches of the coastal streams 
to elevations where they can be di- 
verted through the Coast Range, with 
a backlog of power remaining to as- 
sist in paying for these projects. 
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Financial Problems 

The matter of financing future wa- 
ter developments is highly important. 
As previously mentioned, the state en- 
gineer proposes to present to the 1955 
legislature a plan for financing the 
Feather River Project. If approved 
by the legislature, this plan may well 
set the pattern for the financing of 
future projects in the state. There is, 
of course, great pressure upon the 
legislature to provide funds for other 
needs, such as schools, highways, and 
social welfare agencies. The members 
of the legislature are to be compli- 
mented for the excellent manner in 
which they are dealing with the in- 
numerable problems confronting them 
in a state growing as rapidly as Cali- 
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fornia is. Probably in no period in 
its history has the state been faced 
with so many acute problems requir- 
ing immediate solution. The legisla- 
ture has had great foresight and been 
most generous in providing funds to 
the State Water Resources Board for 
the investigations leading up to the 
California Water Plan. The board 
recognizes, however, that, regardless of 
the adequacy of its planning, the water 
needs of California cannot be met un- 
less means of financing these proposed 
projects are devised. It is the hope of 
the board that the legislature will give 
the same serious consideration to this 
problem at its 1955 session that it has 
given to the planning phase in solving 
statewide water problems. 


Some Legal Aspects of Ground Water and the 
California Water Plan 


Henry Holsinger 


An address presented on Oct. 29, 1954, at the California Section Meet- 
ing, Long Beach, Calif., by Henry Holsinger, Prin. Attorney, Div. of 
Water Resources, State Dept. of Public Works, Sacramento, Calif. 


ALIFORNIA, although richly en- 

dowed with natural water sup- 
plies, is subject to an unfortunate im- 
balance in distribution of this limiting 
resource, geographically and season- 
ally. About two-thirds of the total 
precipitation occurs in the northern 
part of the state, whereas the greatest 
agricultural, industrial, and municipal 
demands are in the central and south- 
ern portions. Further, the greater 
percentage of the total runoff does not 
occur within the annual periods of 
greatest demand. Therefore, artificial 
regulation of stream flow by storage, 
in order to supply the water required 
during the dry summer and fall pe- 
riods, and redistribution of water sup- 
plies from areas of surplus to areas of 
deficiency, constitute the basic water 
problem of California. The solution 
of this problem necessarily involves ex- 
tensive transportation of water from 
the northern part of the state to the 
central and southern portions. For 
some years past, the office of the State 
Engineer and Chief of the Div. of 
Water Resources, acting under direc- 
tion of the State Water Resources 
Board, pursuant to appropriations 
made by the legislature, has been ac- 
tively engaged in the preparation of 
the California Water Plan, with the 
objective of devising an acceptable 
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solution of this basic water problem. 
It is inherent in such solution that 
construction of numerous surface stor- 
age reservoirs will be required. How- 
ever, if it were necessary to place reli- 
ance solely upon surface reservoirs for 
the necessary storage capacity in order 
to make those plans effective, their 
feasibility might well be subject to 
question. 

On a statewide basis, roughly 50 
per cent of the water applied to bene- 
ficial use in California is derived from 
ground water. In some of the more 
arid sections of the state, ground water 
constitutes at present the only depend- 
able source of supply. There are 
within the state numerous ground 
water basins which have in the aggre- 
gate a vast storage potential. It is 
obvious that if a part of this storage 
potential can be utilized for purposes 
of the California Water Plan, it would 
be unreasonable to incur the enormous 
expenditures required for similar stor- 
age capacity in surface reservoirs, even 
though feasible sites could be found. 
The expense of utilizing ground water 
storage for the great purposes of the 
plan would obviously be a small per- 
centage of the cost of the same storage 
capacity in surface reservoirs. 

So far reference has been made to 
“potential” ground water storage. 
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Not until partially depleted does poten- 
tiality become reality. Therefore, 
ground water storage is potential only 
until the basin is sufficiently drawn 
down to afford the required storage 
capacity. Thereupon the potential be- 
comes actual storage capacity. It is 
the consensus of opinion of qualified 
engineers who have adequately re- 
viewed the subject, that it would be 
feasible to utilize for purposes of such 
plans a portion of the vast potential 
storage capacity of existing ground 
water basins to establish the necessary 
carryover storage in order to assure 
adequate supplies of water during an 
extended period of deficient precipita- 
tion and runoff. 

The following statement has been 
repeated many times in public ad- 
dresses by the State Engineer and 
members of his staff: 


. . . I wish to emphasize that the esti- 
mates of the ultimate water requirements 
of the entire state so far made, indicate 
that adequate water supplies can be de- 
veloped and regulated from California’s 
water resources, including California’s 
rights in and to the waters of the Colo- 
rado River, in available surface reservoir 
sites and ground water basins to meet the 
probable ultimate water requirements in 
the state without resorting to the impor- 
tation of water from an outside source 
such as the Columbia River in the Pacific 
Northwest. 


To accomplish the necessary regula- 
tion, conservation, and utilization of 
the state’s water resources at reasonable 
cost will therefore require the planned 
utilization of ground water basins. 
Available surface storage capacity, 
carefully integrated in operation with 
adequate ground water storage capac- 
ity, would afford the necessary cyclic 
storage for protection against a series 
of years of deficient precipitation and 
runoff. It would also enable the full 
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application to beneficial use of the ir- 
regular surface inflow from tributary 
mountain areas, both for local use and 
for exportation from areas having a 
surplus water supply to areas of defi- 
ciency. Such planned utilization of 
ground water basins would require 
that, upon the termination of a period 
of subnormal precipitation and runoff, 
the agency in charge of the operation 
of the plan should promptly recharge 
to a satisfactory level all such basins 
which had been drawn upon. They 
would then again be available if and 
when another period were encountered 
of inadequate precipitation and runoff. 
A major contribution of the available 
surface storage would be to make pos- 
sible the necessary artificial recharge 
of the ground water basins. 

Under the California Water Plan 
the fullest practicable development, 
conservation, control, protection, and 
utilization of all water resources in all 
areas of the state is planned. Local 
ground water resources must therefore 
be developed to the fullest practicable 
extent, and available ground water 
storage capacity must be utilized for 
cyclic storage not only for local waters 
but also for imported waters. Mainte- 
nance of utility of ground water basins 
is therefore essential to the California 
Water Plan. 

Planning for statewide development 
of water resources is necessarily based 
on the assumption that history will re- 
peat itself. This is self-evident. We 
all hope, of course, that a succession of 
dry years such as were experienced in 
the period 1923-24 to 1933-34 will 
never be encountered again; however, 
it would be completely unrealistic to 
base the required long-range planning 
on any such assumption. One of the 
critical points in statewide planning is 
therefore the formulation of effective 
means to provide adequate carryover 
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storage in order to meet demands dur- 
ing future years of deficiency at least 
as great, if not greater, than in periods 
encountered in past recorded history. 
The indicated feasible means to do this 
is to integrate with care available sur- 
face and ground water storage. This 
would call for extensive drawdown of 
strategic ground water basins in time 
of need. It is not feasible to do this 
under current applicable principles of 
law. 


Ground Water Legislation 


Although ground water is of equal 
importance with water occurring on 
the surface, there are but two situ- 
ations where jurisdiction is presently 
vested in the State Engineer to admin- 
ister acquisition of appropriations of 
ground water. These are as follows: 
[1] where the appropriation is made 
from a subterranean stream flowing 
through a known and definite channel ; 
and {2] where the appropriation is 
made of water consisting of part and 
parcel of the “underflow” or “support- 
ing flow” of a surface body of water. 
Where these situations do not exist, an 
appropriation of “percolating water” 
under existing law may freely be made 
without state approval or supervision 
of any nature. The reason for the 
omission of ground water from the 
statutory authority is believed to lie in 
the failure at the time the law was first 
enacted (1913) to comprehend its im- 
mense importance. That comprehen- 
sion came orly of comparatively recent 
years. 

In order that the power to draw 
down ground water basins may be uti- 
lized, it must be conferred by legisla- 
tion or constitutional amendment, or 
both. Further, it could be made ef- 
fective only by carefully devised statu- 
tory provisions with adequate safe- 
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guard for interests adversely affected. 
Such legislation would appear to neces- 
sarily involve state regulation and con- 
trol of the appropriation and utilization 
of ground water. 

These suggestions require considera- 
tion of the feasibility of such a system 
of ground water control in this state. 
The broad question presented is 
whether statutory provision for state 
administration of and control over the 
extraction and use of ground water, if 
and when challenged before the courts, 
would be upheld. Assuming such au- 
thority were accompanied by adequate 
safeguards to protect existing rights of 
all water users, there should be no 
substantial question as to validity. In 
view of the magnitude of the interests 
involved, however, common prudence 
would require that the groundwork be 
laid for the necessary statutory enact- 
ment, by the adoption of a constitu- 
tional amendment. No thought what- 
ever is entertained of any disregard of 
vested rights. However, in view of 
the great public interest involved in 
the California Water Plan, it is be- 
lieved that interests adversely affected 
by operation thereof should be rele- 
gated to remedies restricted to com- 
pensation either by delivery of water 
or by payment in cash. 

The history of prior sessions of the 
California legislature indicates that at 
each of two prior sessions, 1917 and 
1923, bills were introduced with the 
objective of subjecting ground water 
to the permit and license system now 
applicable to surface streams and bod- 
ies of water, but no action was taken 
on either bill. In 1941, pursuant to a 
request of a member of the legislature, 
the Legislative Counsel drafted a pro- 
posed statute having similar effect, but 
no bill on the subject was introduced 
at that or subsequent sessions. In 
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none of these proposals, however, was 
there any express authority for an ap- 
propriator of ground water to engage 
in extensive drawdown of ground 
water levels. The current status of 
case law on the subject indicates that 
such drawdown probably would be ap- 
proved to some extent, but doubtless 
not to the extent required for the con- 
templated purposes. 

As near as the statutory law of Cali- 
fornia now approaches the subject is 
Section 1242 of the Water Code, which 
authorizes the appropriation of water 
for surface storage for the purpose of 
release and diversion of the water for 
spreading the same and inducing per- 
colation thereof, and the subsequent 
extraction of the water and application 
to beneficial use. So far there has 
been no judicial examination of this 
section, and it remains to be seen to 
what extent it will prove effective. 

It would therefore appear that in 
some form effective means of ground 
water utilization and control will be 
necessary in order to implement cur- 
rent plans for statewide water develop- 
ment, but there exists no precedent in 
this state for legislation to the effect 
here suggested. 

In a search for precedent as to what 
might be done, it is informative to 
consider what legislation has been 
enacted on the general subject in other 
states. It is to be expected that it 
would be difficult, if not impossible, to 
find any direct precedent. In order to 
do so it would be necessary to look to 
the laws of a state which had enacted 
precisely the same character of a stat- 
ute as here suggested, and against a 
background of the same relationship 
between riparian rights and appropri- 
ators, and overlying rights and appro- 
priators, as prevails in California. 
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Some of our neighboring western 
states do not recognize the riparian 
doctrine at all, and none presently rec- 
ognize our doctrine of correlative over- 
lying rights. Others have favored the 
extension of the appropriation doctrine 
until riparian rights, although still 
nominally in existence, have little prac- 
tical significance. The logical area, 
therefore, to look for precedent is to 
eastern states where the riparian doc- 
trine is still in full force. However, 
the eastern states either do not have 
the appropriation doctrine super- 
imposed on the riparian doctrine, or 
they have no ground water legislation 
of the nature contemplated. Neither 
do any of them follow our correlative 
doctrine of overlying rights. There- 
fore, the only precedent we have for 
the proposed state control of ground 
water is in states whose case law is not 
only not similar to that in California, 
but in some respects in contrast with 
it. These considerations greatly mini- 
mize the weight of the statutes of all 
such states as precedent. We there- 
fore must conclude that California is 
unique respecting its law relating to 
ground water and there is no direct 
precedent in other states for the pro- 
posals here suggested in regard thereto. 

Adequate protection of our water 
resources can only be achieved through 
control and regulation by the state of 
the water withdrawn from ground 
water basins, including supervision 
over recharge of depleted basins. To 
accomplish these objectives basic stat- 
utes are required authorizing: [1] the 
requirement of permits and licenses for 
the appropriation and use of ground 
water authorizing extensive depletion 
of ground water levels when required ; 
and [2] control and supervision of re- 
charge of depleted ground water 
sources. 
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In the event of grave danger or per- 
manent injury to the source of supply, 
it would be necessary to impose limita- 
tions upon then existing extractions. 
However, due to the prospect that im- 
position of any such restrictions might 
well have adverse economic effects of 
great magnitude, it is believed that no 
administrative officer or agency should 
be authorized to impose such a harsh 
remedy, and therefore that such rem- 
edy should be vested in a court of com- 
petent jurisdiction. This calls for the 
careful review of existing procedures 
to ascertain their adequacy for the pur- 
pose of adjudicating ground water 
rights. 


Preliminary Conclusions 


The following preliminary conclu- 
sions relative to ground water adjudi- 
cations appear to be warranted: 

1. The boundaries of ground water 
basins can be determined only after 
competent and thorough geologic and 
hydrologic investigations. 

2. The safe yield of a ground water 
basin is not a fixed quantity but varies 
with (among other factors) the state 
of artificial development in the basin 
and in the watersheds tributary 
thereto. Periodic redeterminations 
must be made accordingly of the allow- 
able extractions from the basin. 

3. It will invariably take a consider- 
able period of time and substantial ex- 
pense to obtain the data necessary to 
determine the safe yield of a basin. 

4. Experience has indicated the ad- 
visability of compiling basic data re- 
quired for adjudication over a period 
of years beginning long prior to initi- 
ating an adjudication, so that when the 
need therefor arises, the required data 
will be available for use. 

5. Provision for recordation of rec- 
ords of ground water use would appear 
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to be salutary, as in time it would af- 
ford a ready source of highly relevant 
information. It is also recognized that 
some incentive must be afforded to in- 
duce the filing of these statements of 
use. However, it is believed improper 
to accord prima facie effect in evidence 
to such statements in the absence of 
adequate provision for verification of 
the accuracy of the facts stated. 

6. In many instances it would be 
difficult to establish that excessive ex- 
tractions have resulted in irreparable 
damage to a basin. Some basins can 
be pumped dry for all practical pur- 
poses without irreparable damage re- 
sulting, for upon cessation of pumping, 
the basin may gradually refill with 
water of satisfactory quality by natural 
processes. On the other hand, where 
compaction and subsidence occurs, or 
in coastal ground water basins where 
sea water intrusion occurs due to over- 
draft, or in other special cases, a find- 
ing of irreparable damage might be 
made. 

7. It is believed unwise from a pub- 
lic policy standpoint to require cessa- 
tion of pumping upon a finding of 
overdraft unless a source of supple- 
mental water is immediately available. 
This would seem unavoidable due to 
the adverse economic effect which 
might follow from abrupt enforced ces- 
sation of extractions. The objective 
should, however, be retained to im- 
prove the yield, by importing a supple- 
mental supply, in order to bring into 
balance extraction and yield. Such 
balance should be sought by limitation 
of extractions only as a last resort, 
when no other feasible recourse is 
available, and for the purpose of pre- 
venting irreparable damage to the 
source. 

8. Rather than casting the burden of 
limiting extractions to the safe yield 
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upon an administrative officer, it would 
appear preferable to improve existing 
available procedures for adjudication 
of rights to the use of ground water. 

There appears to be a growing ap- 
preciation of the interrelationship be- 
tween ground water and surface water. 
This interrelationship, of course, is 
generally well understood by the initi- 
ated few, but it is not evident that 
public recognition thereof is at all 
widespread. It is true, of course, that 
with great frequency a surface flowing 
stream is either in major part fed by 
ground water sources through which 
it flows or the surface stream directly 
contributes to the ground water body. 
No demonstration should be required 
in order to establish the need for co- 
ordination of rights to the use of inter- 
connected supplies. At present the sole 


means of securing such coordination is 
through the process of adjudication. 


Court Reference Procedure 


The State Engineer may participate 
in the adjudication of rights to ground 
water under the court reference proce- 
dure only upon the exercise of discre- 
tion by the trial court in acting upon 
a motion to order a reference to the 
State Engineer of a pending cause in- 
volving determination of such rights. 
The practice is to limit the reference 
to investigation and determination of 
the physical facts and to report thereon 
to the court. This procedure has been 
resorted to so far in but two instances 
where the cases concerned ground 
water only. 

Some dissatisfaction has been ex- 
pressed as to the costs involved and to 
the periods required to complete the 
investigations and render the reports. 
An impression appears to prevail in 
some quarters that both cost and delay 
were due to the procedure followed. 
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This impression is far from the actual 
fact. The two instances heretofore 
given have reference to the court ref- 
erence procedure in ground water 
cases followed in the Raymond Basin 
Reference which eventually resulted in 
the decision of the Supreme Court of 
California in Pasadena v. Alhambra, 
33 Cal. 2d 908, and the West Coast 
Basin Reference, in which the report 
of the State Engineer as referee has 
been filed with the trial court and pro- 
ceedings are pending thereon. True, 
in both cases extended periods were 
required for investigation and formu- 
lation of the report. It is also true that 
the attendant expense in both cases 
was heavy in the aggregate. Never- 
theless, neither the period required for 
the investigation and report nor the 
heavy expense were due in any mate- 
rial respect to the procedure followed. 
To the contrary, both expense and de- 
lay were due to the inherent nature of 
the subject matter. Surface bodies of 
water can be visually inspected and, 
as contrasted with ground water, the 
characteristics of occurrence, draft, de- 
pletion, and other required factors can 
usually be readily determined; not so 
with ground water. The essential 
facts required for determination of any 
controversy respecting ground water 
characteristics, availability, and use 
can only be determined by high quality 
of engineering talent through long and 
patient effort; and, furthermore, the 
ultimate facts must be presented in 
open court to a large degree by expert 
opinion evidence. Both expense and 
delay are therefore unavoidable, ir- 
respective of the procedure followed. 
By this, however, no inference is in- 
tended that savings in both time and 
expense cannot be accomplished by im- 
proving procedures—quite the contrary. 
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The court reference procedure pro- 
vided for in the Water Code is believed 
in its essentials adequate for the pur- 
pose of adjudicating the less extensive 
ground water basins, with a few ex- 
ceptions. Under general rules of prac- 
tice, a notice of action, or lis pendens 
as it is called, can be filed in any suit 
involving the title to real property and 
then recorded in the office of the ap- 
propriate county recorder. Thereafter 
a buyer of the property during the 
pendency of the suit is charged with 
notice of the suit. In water cases fre- 
quently the large number of parties 
renders resort to the existing proce- 
dure infeasible. A practical lis pen- 
dens procedure should be supplied. 

There should also be added a provi- 
sion expressly sanctioning orders by 
the court for trial distribution on mo- 
tion of the parties or of the referee. 
Such a provision would be of great 
practical utility. By this means would 
be afforded the acid test of trial of a 
proposed solution of water problems 
under actual field conditions. Inade- 
quacies would thereby be brought to 
light and could be rectified. 


Statutory Adjudication Procedure 


There is in the Water Code another 
procedure designed to attain a similar 
objective to that of the court reference 
procedure—an adjudication of rights 
to the use of water. This further pro- 
cedure, for purposes of distinguishing 
it from the court reference procedure, 
is commonly referred to as the “statu- 
tory adjudication procedure.” Juris- 
diction is acquired by publication and 
service of notices by mail. It is de- 
signed for extensive adjudications. 
The statutory authority, however, ex- 
pressly excludes rights to the use of 
ground water unless consisting of sub- 
terranean streams flowing in known 
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and definite channels. The procedure 
is initiated by petition to the State 
Engineer by one or more claimants to 
the water of a stream system, request- 
ing determination of the rights thereto. 
If upon investigation it is found that 
the facts and conditions are such that 
the public interest and necessity will 
be served by a determination of the 
water rights involved, the petition is 
granted and the proceeding is initiated. 
The procedure was adapted from the 
Oregon Law and follows it closely. 
The Oregon procedure has been ex- 
tensively litigated and in one case was 
carried to the Supreme Court of the 
United States, resulting in an opinion 
considered classic on the subject. 
That opinion thoroughly explored the 
procedure and held it to be in all re- 
spects valid, and commended it highly 
for use in extensive adjudications. 

In the California procedure, notice of 
the pendency of the proceeding is given 
by publication. Claims of the respec- 
tive parties are registered in what are 
referred to as “proofs of claims,” and 
each right is in issue as against each 
and every other right. Each party 
may contest any other right. The 
proofs of claims and the statements of 
contestants constitute the pleadings. 
The facts are then found by the State 
Engineer, after hearings on the con- 
tests, ending in an “order of determi- 
nation” which is then filed with the 
superior court of the county, or one 
of the counties, within which all or 
part of the stream system is located. 
Thereupon the order is subject to ex- 


he court, resulting in a decree of the 
court which is subject to appeal as in 
other cases. This procedure has been 
upheld as valid in two decisions in 
California courts, one of which was by 
the Supreme Court of California, the 
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other by a district court of appeal. A 
substantial number of adjudications 
have been conducted pursuant to this 
procedure, and it has been found by 
experience to be essentially workable 
and valuable for extensive adjudica- 
tions, but a number of defects have 
been noted, the broadest of which is 
the inability to include rights to perco- 
lating ground water sources. To make 
the procedure entirely satisfactory, it 
would be necessary to revise it to rem- 
edy all the defects which have been 
noted. 


Recommendations 


It is believed that both procedures 
can be materially improved, but legis- 
lation to remedy major defects only 
are herein recommended, with particu- 
lar attention to such as are considered 
necessary to improve and perfect pro- 
cedures for facilitating adjudication of 
ground water rights. In addition, as 
has been noted, legislation is required 
to authorize the exercise of powers 
essential to carry into effect the Cali- 
fornia Water Plan presently in process 
of formulation. 

The recommended items of legisla- 
tion may be listed as follows: 

1. A constitutional amendment au- 
thorizing: (a) the planned utilization 
of ground water basins for carryover 
storage, and (b) adjustment of con- 
flicts with existing rights either by de- 
livery of water or by cash compensation. 

2. The requirement of permits and 
licenses for the appropriation of 
ground water authorizing extensive 
drawdown of ground water levels in 
time of need. 

3. Control and supervision of re- 
charge of depleted ground water 
basins. 

4. Provision for recordation of rec- 
ords of ground water use which upon 
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verification shall be admissible in evi- 
dence in an adjudication of the rights 
involved, with prima facie effect. 

5. Revision of existing procedures 
for the adjudication of water rights, 
both surface and underground. As 
has been stated, the court reference 
procedure can, and it is believed 
should, be materially improved in sev- 
eral respects. The improvements rec- 
ommended in both procedures are: 

a. A practical lis pendens procedure 
should be supplied. This should apply 
to both procedures. 

b. The trial court should be au- 
thorized to refer any case involving 
the determination of water rights, sur- 
face or underground, at any time after 
filing of the complaint, to the State 
Engineer, with direction to follow 
either the statutory adjudication pro- 
cedure or the court reference proce- 
dure. This would supply a most de- 
sirable flexibility. 

c. Authorize the trial court to im- 
pose, from time to time, trial distribu- 
tion schedules. This also should apply 
to both procedures. 

d. Authorize the State Engineer to 
investigate and report upon all rights 
to the use of water, including ground 
water rights. This is necessary only 
in the statutory adjudication procedure. 

e. Provision should be added to the 
statutory adjudication procedure to the 
effect that initiation of a proceeding 
tolls the statute of limitations, and that 
an action to adjudicate the rights, in 
whole or in part, involved in any such 
proceeding, filed during the pendency 
thereof, on motion of the State Engi- 
neer, shall be abated. 

f. Authorize the trial court to im- 
pose a physical solution either as rec- 
ommended by the referee or as sug- 
gested by the court or the parties, and 
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to enter any other order as the inter- 
ests of justice may require. This 
should apply to both procedures. 

g. In entering its judgment the trial 
court should retain broad jurisdiction 
in accordance with the principles ap- 
proved by the Supreme Court of Cali- 
fornia. This also should apply to both 
procedures. 

Frequently, in the more extensive 
adjudications, there are included a 
large number of users who collectively 
utilize, or claim the right to utilize, an 
insignificant percentage of the total 
available supply. They are, of course, 
proper parties to the adjudication, but 
certainly they are not necessary par- 
ties in a practical sense. Based on our 
experience it is believed that substan- 
tial expense and delay can be obviated 
by their elimination as parties to the 
adjudication without adversely affect- 
ing the enforceability of the decree 
when entered. This expedient can be 
resorted to, when appropriate, under 
existing law, without necessity of sup- 
plying new legislation. 

Finally, a program should be adopted 
for continuing investigation of the 
ground water areas of the state, par- 
ticularly those determined to be re- 
quired for carryover storage in opera- 
tion of the California Water Plan, sup- 
ported by adequate appropriations. 
By this means, as and when it were to 
become necessary to adjudicate rights 
to the use of these ground water basins, 
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to the extent the necessary data were 
available, expense and delay of adjudi- 
cation thereof would be minimized. 

The legislation herein recommended 
would enable the following: 

1. The planned utilization, ade- 
quately supervised, of ground water 
basins, so as to afford the required 
carryover storage to make effective 
the California Water Plan, affording 
required insurance against deficiencies 
in water supplies for beneficial use, 
including future periods of inadequate 
precipitation and runoff, with adequate 
safeguards to existing rights. 

2. Affording full recognition to the 
interrelationship between surface and 
ground water sources by providing 
for: (a) state protection and super- 
vision of all rights to the appropri- 
ation and use of water, whether sur- 
face or underground; and (b) efficient 
procedures for adjudication of all 
rights to the use of water of whatso- 
ever nature, at minimum expense and 
delay. 

It is recognized that the foregoing 
does not supply the answers to all ex- 
isting ground water problems within 
the state from the legal standpoint, and 
that doubtless additional legislation 
will be required. However, it is be- 
lieved that these recommendations 


merit careful consideration in order to 
implement vitally necessary statewide 
plans for the conservation, utilization, 
and protection of our water resources. 
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California Ground Water Replenishment Bill 


R. W. Chase 


A paper presented on Oct. 29, 1954, at the California Section Meeting, 
Long Beach, Calif., by R. W. Chase, Atty., Chase, Rotchford, Downen 


& Drukker, Los Angeles. 


HIS paper discusses a bill ( Assem- 

bly Bill 2699), now pending in the 
state legislature, which is intended to 
provide the machinery for the creation 
of districts or zones to implement the 
replenishing of depleted underground 
basins through the importation and 
spreading or injecting of supplemental 
waters, For reasons to be explained, 
the bill has been proposed as an amend- 
ment to the Metropolitan Water Dis- 
trict Act, under which the Metropoli- 
tan Water Dist. of Southern California 
was established. 

Since the bill was originally drafted, 
a great many suggestions and changes 
have been offered, some of which are 
still under consideration. The pres- 
ent paper deals with the principle fea- 
tures of the bill, the merits of a number 
of the points at issue, the underlying 
concepts, and the scope of the prob- 
lems involved, particularly those affect- 
ing Southern California. 

Aside from questions of constitu- 
tionality inherent in formulating any 
legislation, the problems of providing 
for the replenishment of underground 
waters fall into five broad categories: 
[1] choice of the size, type, and man- 
ner of creation of the legal entity re- 
quired to handle underground water 
replenishment; [2] determination of 


the nature and character of the admin- 
istrative body, the manner of its ap- 
pointment, and the length of its tenure ; 
[3] determination of the quantity of 
supplemental water to be purchased, 
imported, and spread or injected; [4] 
selection of the means of financing the 
enterprise ; and [5] manner of enforce- 
ment of the law. 

There are, of course, many other 
problems that cannot be so easily classi- 
fied. Limits of powers must be fixed. 
Established rights must be evaluated. 
Solutions that may appear extremely 
simple and workable must be examined 
and tested. For instance, it has been 
suggested that an existing city or other 
political entity could import supple- 
mental waters, store them underground, 
and later extract and sell them. This 
might work if no one else had any 
right to extract ground water in the 
area involved. Otherwise, if the entity 
importing the supplemental water 
wished to assert ownership after the 
water had been put underground, it 
would have to condemn the under- 
ground storage right under every lot 
and parcel overlying the basin. 


Legal Entity 


The boundaries of areas having a 
common ground water source often do 
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not coincide with city, county, or other 
political boundaries. The result is 
that either a new law providing for 
the creation of a novel form of political 
entity has to be passed or else legisla- 
tion creating replenishment zones has 
to be grafted upon a law governing 
some existing organization which 
transcends county or other political 
lines. The organization of a separate 
political entity seems to be cumbersome 
and unduly expensive. Under present 
law, a metropolitan water district is 
about the only available existing po- 
litical entity whose boundaries cross 
county lines. The Metropolitan Wa- 
ter District Act appears to be the most 
suitable vehicle for providing the 
means of creating a district to place 
imported waters underground. 

There is another factor which favors 
an amendment of the Metropolitan 
Water District Act. Southern Cali- 
fornia is rapidly becoming urban in 
aspect. Its underground basins differ 
substantially from those in the San 
Joaquin Valley and other parts of the 
state. Many feel that the problem in 
Southern California is essentially dis- 
similar to that in the north, and that 
varying solutions must be found for 
varying problems. The difficulty of 
drafting a law to meet the approval of 
all water users throughout the state is 
apparent. Only one metropolitan wa- 
ter district has so far been formed 
under the act. An amendment of the 
act would, therefore, as a practical 
matter, be applicable only to Southern 
California, where that district exists, 
and should not be objectionable to 
areas having different water and eco- 
nomic problems. Although there has 
been some criticism of the use of the 
Metropolitan Water District Act in 
this manner, the general principle has 
so far been well received, on the whole. 
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Assembly Bill 2699 provides that a 
proceeding to form a replenishment 
district or zone may be initiated before 
the board of directors of a metropolitan 
water district by petition of at least 10 
per cent of the water producers of the 
proposed zone or by petition of those 
who have produced at least 10 per cent 
of the ground water extracted therein 
during the preceding year. Provision 
is made for engineering surveys and 
reports on the ground water supply of 
the proposed zone, the need and feasi- 
bility of replenishment, the estimated 
annual quantity of imported water 
necessary, the estimated annual cost, 
and other data required for a proper 
determination of whether such a zone 
should be created. Hearings must be 
held before an officer who is a qualified 
registered engineer familiar with water 
problems. His findings and recom- 
mendations are submitted to the board 
of directors and reviewed by them at a 
public hearing. If they rule that the 
formation of the proposed replenish- 
ment district or zone would be in the 
best interests of the producers of 
ground water within the area and 
would benefit all persons relying di- 
rectly or indirectly upon ground water 
supplies therein, the board of directors 
can then order the formation of the 
replenishment district or zone. 

The Metropolitan Water Dist. of 
Southern California comprises sub- 
stantially all of the basins in the coastal 
plain that are presently suffering from 
ground water depletion. Express au- 
thority is conferred upon the board, 
however, to include in the replenish- 
ment zone the entire area underlying a 
common ground water source, even if 
part of it is outside the metropolitan 
district, 

As now drafted, the bill provides 
that, as an alternative to proceedings 
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initiated by petition, the board of di- 
rectors of a metropolitan water district 
may itself initiate such proceedings. 
Several restrictions to this power are 
under consideration. The replenish- 
ment zones are created for the purpose 
of buying supplemental waters. Be- 
cause a metropolitan water district 
would be the seller of the water to be 
spread or injected underground, some 
feel that it should not have the power 
to form a replenishment zone or dis- 
trict on its own motion, unless a sub- 
stantial majority of the board finds that 
an emergency which requires such ac- 
tion exists. Another suggested restric- 
tion is a provision that, where an exist- 
ing agency controls the land overlying 
an entire underground water basin and 
is presently engaged in replenishing 
the underground waters, the metro- 
politan water district would be with- 
out power to create a duplicate zone. 


For instance, the San Fernando Valley 
lies entirely within the city of Los An- 
geles, and the Orange County Coastal 
Plain lies entirely within the Orange 


County Water Dist. Both of these 
agencies have, in one way or another, 
been engaged in regulating the amount 
of underground water in the respective 
basins. It would not seem to be good 
sense to create a district or zone to 
duplicate their activities unless they 
were so inadequate as to create an 
emergency. In such an instance, it 
is proposed that the existence of an 
emergency must also be asserted by a 
substantial majority of the board of 
directors of the metropolitan district. 


Governing Body 


Once the replenishment district is 
formed, provision must be made for a 
body to govern it. The bill now pro- 
vides that the board of directors of a 
metropolitan water district shall be 
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the governing body of the replenish- 
ment district or zone formed by it. 
The theory is that replenishment dis- 
tricts resemble special improvement 
districts, which the law now permits to 
be created for lighting and other pur- 
poses; such districts are administered 
by the governing body of the city or 
county in which they are formed. Fur- 
thermore, it may be necessary for legal 
reasons that the board of directors of 
the metropolitan water district have 
the ultimate authority. 

It has, however, been argued in 
hearings on the bill that, because the 
parent district will be in the position 
of a seller of supplemental waters, the 
actual administration of the replenish- 
ment district or zone (as well as the 
determination of the quantity of water 
that it should purchase and spread and 
the amounts to be charged or assessed ) 
should be left in the hands of a sepa- 
rate local board. As a consequence, a 
rough draft of an amendment has been 
prepared to provide that, for each re- 
plenishment district or zone created 
under the authority of the act, the 
board of directors of the parent district 
must appoint a commission or local 
board of five men, each of whom must 
be a citizen and resident of the replen- 
ishment district. 

Consideration is beirg given as to 
whether the member agencies in the 
metropolitan water district should have 
the right to nominate a panel from 
which such local commissioners should 
be appointed. The author believes that 
such an arrangement is unnecessary. 
In the normal course of its exercise of 
such an appointive power, the metro- 
politan district board would obtain the 
recommendations or nominations of ex- 
isting political entities and might also 
seek suggestions from such nonpolitical 
bodies as the local chamber of com- 
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merce and other associations having an 
interest in public affairs within the 
replenishment district. Regardless of 
how the members of the local commis- 
sion are appointed, if the proposed 
amendment is adopted, the subsequent 
administration of the district’s affairs 
would be largely in their hands. 

The bill provides for the registration 
and metering of all ground water pro- 
ducing facilities. It contains provi- 
sions for engineering studies to be 
made; for the holding of hearings by 
the governing board upon the report 
of the engineers and upon other evi- 
dence that any interested party may 
supply; for estimates to be made by 
the governing board on water produc- 
tion, supplemental-water needs, and 
costs. In short, the governing body 
has the power to seek all the necessary 
information, make the necessary factual 
determinations, and take the necessary 
action to procure the supplemental sup- 
ply. 

The governing board is also given 
the power to levy assessments to pay 
the expenses of the endeavor. Al- 
though these functions were originally 
vested in the parent district’s board of 
directors, under the proposed amend- 
ment they would all be exercised by 
the local commission. For legal rea- 
sons, the actual levy of any assessment 
or tax may have to be made by the 
board of the parent district; if so, the 
power of that board to make a levy in 
excess of the amount determined upon 
by the local commissioners could be 
adequately restricted. 

The appointment of a local com- 
mission as proposed would not give 
local control in the way that the crea- 
tion of an autonomous political cor- 
poration with elected officials would. 
The use of a local commission would, 
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however, substantially prevent a metro- 
politan water district from acting for 
a subordinate area in purchasing water 
from itself, and the arrangement gives 
the greatest degree of local control that 
seems possible if the Metropolitan Wa- 
ter District Act is to be retained as 
the vehicle for restoring underground 
waters. 


Supplemental-Water Needs 


To determine the quantity of supple- 
mental water needed each year, pro- 
vision is made in the bill for hearings 
before an officer who reports to the 
governing board his findings on ac- 
cumulated and current annual over- 
draft, availability and cost of supple- 
mental supplies, and all other relevant 
items. The governing board then 
holds a hearing and makes its own find- 
ings, based on this report and on any 
other evidence submitted. The board 
determines whether and in what quan- 
tity supplemental water should be pur- 
chased, and makes estimates of the en- 
tire expense and of the amount of 
ground water which will be extracted 
during the ensuing year. With this in- 
formation, it is in a position to deter- 
mine the assessment that will be re- 
quired to raise the necessary funds. 


Finances 


The most controversial question is 
how the expense of purchasing, im- 
porting, spreading, and injecting water 
is to be met. The bill now provides 
that a replenishment assessment, based 
on estimates obtained as previously de- 
scribed, be levied on each acre-foot of 
ground water extracted during the en- 
suing year. This assessment is not a 
general tax, and it can be employed 
only for the acquisition and use of 
supplemental waters for replenishing 
ground water supplies and for the ex- 
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penses incident thereto. No provision 
is made for ad valorem taxes on prop- 
erty. There is a provision, however, 
that a metropolitan water district may 
elect to pay from its general funds some 
or all of the administrative and over- 
head costs of a replenishment zone. 
These general funds may come, in 
whole or in part, from ad valorem taxes 
levied in the metropolitan district. 

In the author’s opinion, an assess- 
ment on all ground waters produced 
has much to commend it as a method 
of paying the expenses incident to re- 
plenishment. It places the burden on 
those receiving the primary benefit. 
If the water is resold for domestic and 
industrial use, it can be expected that 
the charges would reflect the assess- 
ment, so that the burden would be 
spread over a wide base. Such an as- 
sessment, however, does not meet with 
universal approval. Many producers 
feel that others benefiting by their 
overdrafts should help bear the burden. 
Be that as it may, provision for cur- 
rent revenue from taxes or assessments 
must be made to mect the current 
charges for supplemental water. The 
situation does not lend itself to financ- 
ing on the basis of “prosperity at the 
expense of posterity.” 

The basic arguments for shifting the 
cost burden to others are two in num- 
ber : one states that, because the preser- 
vation of ground water supplies raises 
land values, some form of ad valorem 
property tax is in order; the second 
holds that the overdrafts are largely 
caused by newcomers to the area or 
by persons pumping in excess of their 
legal rights, and that, if a production 
assessment is made, it should be levied 
only against waters pumped in excess 
of a producer’s adjudicated rights. 
The latter procedure would require 
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basinwide adjudication of pumping 
rights and safe yields. 

It has been suggested that each local 
replenishment district board should be 
empowered to determine what type of 
tax or assessment should be made. 
This may be an answer which will meet 
the varying conditions in different 
areas. It is questionable, however, 
whether ad valorem taxes can be levied 
for or by a replenishment zone of the 
type proposed in the bill under dis- 
cussion. 

Ad valorem taxation seems a fair 
method of paying for replenishment to 
restore any existing overdraft, because 
the community as a whole has received 
the benefit of the water produced. 
For future overdrafts, however, the 
burden should be on the water pro- 
ducers and users, There are many 
other factors besides water supply 
which affect land values. The author 
believes that ground water replenish- 
ment does not benefit all lands in pro- 
portion to their assessed value and 
that an ad valorem tax for current re- 
plenishments would create greater in- 
equities than a water production tax. 

The use of basinwide adjudication 
as a foundation for levying assess- 
ments should be avoided, if possible. 
It is costly and time consuming. It 
would greatly increase the difficulties 
of administration and collection of the 
assessment. Material benefits would 
accrue to some water producers with- 
out cost to them. An assessment on 
all water produced would not prevent 
producers who are injured by the ex- 
cessive pumping of others from pur- 
suing remedies now or hereafter avail- 
able for their protection. 

The essential difference between a 
general production assessment and an 
assessment against water pumped in 
excess of an adjudicated safe-yield 
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right is that, in the former instance, a 
small assessment is made against a 
large, easily computed volume; in the 
latter, a large assessment is levied 
against a small volume arrived at only 
after expensive and complex proceed- 
ings. In the long run, the producers 
would be required to pay about the 
same amount of money under either 
method. 


Enforcement 


The enforcement provisions of the 
bill are relatively simple, but effective. 
Each operator of a water-producing 
facility is required to register it within 
a specified time. He must install a 


measuring device capable of recording 
his accumulated production, and he is 
required to file quarterly statements of 
his previous 3-month ground water 
production. 


At the time of filing, his 
assessment on that quantity is pay- 
able. Exceptions are provided for cer- 
tain small producers. 

For most of these requirements, fail- 
ure to comply is made a misdemeanor 
punishable by a fine of up to $500 or 
by imprisonment up to 6 months, or 
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both. In addition, the producer, in 
certain instances, is subject to pay- 
ment of penalties and interest if he 
fails to file the quarterly statements or 
meet the assessment due. Even more 
drastic, any ground water producer 
who has failed to register his facility or 
pay his assessment may be enjoined 
from further pumping. Suit may also 
be instituted to collect the assessment. 
Means are provided for redetermining 
a producer’s assessment in the event 
that he understates his production. 


Conclusion 


The proposed legislation does not 
purport to be a cure for all existing or 
future ground water supply problems. 
It does not, for example, concern itself 
with the prevention of contamination 
or restrictions against overpumping. 
It seeks merely to enable the establish- 
ment of replenishment districts or 
zones on a practicable, realistic basis. 
Thus, the bill is only one step—but 
an important one—in the program for 
meeting the ultimate water needs of 
the people of California. 
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Legal Liability of Municipalities and Officials 


H. Winston Hathaway 


A paper presented on Sep. 16, 1954, at the Michigan Section Meeting, 
Muskegon, Mich., by H. Winston Hathaway, Asst. City Attorney, 


Muskegon, Mich. 


HE basic rules which govern offi- 

cial acts are substantially the same 
in every state. If water works officials 
or other municipal employees should 
act contrary to valid charter require- 
ments, legislative acts, or state consti- 
tutions, they may subject themselves 
to personal liability for any resulting 
loss. 

Public officials usually are held per- 
sonally liable for negligence even in 
the performance of a ministerial act. 
Employees who commit a wrongful act 
or violate a duty are liable for any 
resulting damages. The general rule 
is that municipal officers while acting 
in good faith, within the scope of their 
authority and without negligence, are 
not personally liable to individuals 
damaged by the construction of public 
improvements (1). 

There are exceptions to this rule, as 
there are to every general rule. In 
1878 a village common council in- 
structed the street commissioners to 
lower the grade of an unopened street 
preparatory to placing it in public use. 
Excavation caused the fence of the ad- 
joining owner to collapse. The lady 
who owned the adjoining land was 
quite indignant and filed suit against 
the street commissioners. She testified 
that the work crews not only caused 
the fence to cave in, but, no doubt in- 
advertently, hauled it away. The su- 
preme court of Michigan sustained a 


judgment against the two street com- 
missioners for damages. A quotation 
from the opinion (2) follows: 


It is thus shown by the evidence that 
the injury the plaintiff received at the 
hands of the defendants was not only the 
direct and necessary result of their acts, 
but it was also immediate. They did not 
enter upon her premises, but they under- 
mined them by an excavation, so that 
they necessarily fell with the removal of 
the support. They fell at once, as the 
result of acts intentionally done, and not 
subsequently as a consequence of negli- 
gent conduct. 


This case is interesting because the 
court did not require proof of neg- 
ligence on the part of the street com- 
missioners. The act of undermining 
the fence was intentional, and it was 
wrong to deprive the adjoining land of 
lateral support. Therefore, these two 
city employees, acting under instruc- 
tions of the common council, were held 
personally liable for damages. 


Authorization Requirement 


In Larnard v. Briscoe (3), decided 
by the Michigan supreme court in 
1886, the Detroit Board of Public 
Works, without first obtaining the ap- 
proval of the common council, hired 
contractors who lowered the grade of 
a street 6 ft preparatory to paving. Of 
course, the adjoining lot was left as 
it was, 6 ft above street level. The 
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owner of the lot sued the board and 
the contractors for his damages, and 
he recovered. The theory was not that 
the defendants were negligent, but that 
the excavation was unauthorized. The 
liability of the Board of Public Works 
and the contractors did not result from 
any negligence in the performance of 
the work but from the failure to obtain 
the permission of the common council 
before work was commenced. Years 
before this case was decided, the same 
court had held that an action would 
not lie against a city for changing the 
grade of a street (4). 


Trespass 

In Hempfling v. Burr (5), the court 
said: “Upon principle it would seem 
that a public officer should be heid per- 
sonally liable for a trespass committed 
by him or under his direction, even 
though he is acting in his official 
capacity.” Accordingly, when a drain 
commissioner mistakenly constructed 
a drain across land without first ob- 
taining a right-of-way agreement, he 
personally was held liable for the re- 
sulting damage (6). 

Such cases serve as a warning that 
water works employees cannot, in the 
course of necessary duties, go upon or 
interfere with land belonging to others, 
no matter how innocently this is done, 
without becoming personally liable for 
any resulting damages. 


Assumption of Liability 


Another interesting situation arises 
when city employees supervise excava- 
tions being made by a private con- 
tractor in a public street. The con- 
tractor undoubtedly has signed a con- 
tract providing that, in the perform- 
ance of the work, he will erect and 
maintain, suitable barricades. The city 
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employee can tell the contractor where 
to erect the barricades, but as soon as 
he attempts to tell the contractor how 
to do it, he becomes personally respon- 
sible for any defect in their construc- 
tion which leads to injury to others 
(7). The theory upon which this li- 
ability is predicated is that, by issuing 
instructions, the city employee has con- 
tributed to the failure to barricade the 
excavation properly. Of course, there 
would be no liability on the part of the 
city employee and the contractor if 
they did exercise reasonable care to 
prevent injuries to others. Cities are 
liable only by statute for negligence in 
making street improvements. There 
is such a statute, chapter 22, General 
Highway Law, in Michigan. 
City Immunity 

Usually cities are immune from li- 
ability for injuries negligently inflicted 
on others because the city is engaged 
in the performance of a governmental 
function. The supreme court of Mich- 
igan, however, ordinarily will not ex- 
tend such immunity to negligent acts 
by cities in the operation of water 
works. The court has said (8): 


Although a city may, in the construc- 
tion, operation, and maintenance of a 
water works system, be acting, under cer- 
tain factual circumstances, in a govern- 
mental capacity, as a general proposition 
the weight of authority is to the effect 
that in engaging in such an enterprise the 
city acts in a proprietary or private 
capacity. 


The test of a city’s liability for neg- 
ligence in the operation of a depart- 
ment is whether there is any profit, 
even incidental, from that department 
to the city (9). If there is, the opera- 
tion is private rather than public, and 
the city has no immunity from liability 
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for its negligence. It can be seen that 
at times it does become dangerous to 
operate a water department at a profit. 

The governmental-function rule 
would apply, for example, if a person 
enters a police station for the purpose 
of reporting an accident and injures 
himself solely by reason of some defect 
in the floor. The police department is 
maintained as a governmental function, 
and the city could not be held liable 
for its negligence in permitting that 
defect. Yet, if the defect in the floor 
existed in the offices of the water de- 
partment (from the operation of which 
the city derived some kind of profit, 
directly or indirectly), then the city 
would be liable for the negligence of 
that department in permitting the de- 
fect in its floor to cause injury to some 
unsuspecting citizen. 

Another example occurred at Grand 
Rapids, Mich., where a boy drowned 
while swimming in a pool constructed 
and operated by the city. The parents 
sued, claiming negligence by the city, 
but recovery was denied (10). If the 
city had charged an admission fee 
which more than paid the cost of op- 
erating the pool, the recovery in all 
probability would have been allowed. 
The element of profit would have 
turned the operation of the pool into a 
private, or proprietary, function, in- 
stead of a governmental one. 


Responsibility for Employees 


As a practical matter, it may be im- 
portant to municipal employees that 
the city would also be liable for their 
negligence. In that event, the claimant 
might decide to sue only the city, as 
frequently happens. If the suit is filed 
against both the city and the employee. 
it is probable that the city will pay 
the damages. 
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There is a Michigan statute barring 
the use by cities of the defense of gov- 
ernmental function in actions brought 
against them for the negligent opera- 
tion of motor vehicles (17). The 
same act permits cities to pay the pre- 
miums on automobile insurance poli- 
cies which will protect any officer, 
agent, or employee, as well as the city, 
from liability in the operation of a 
city-owned car. It might be a good 
idea to make certain all cities’ policies 
are written to protect everyone 
concerned, 

There is no liability for mistakes 
made in exercising judicial or quasi- 
judicial discretion granted by law. It 
has been held that a township board 
acts judicially in auditing claims 
against the township, and its members 
are not liable individually for errone- 
ous allowances (12). 

There can usually be no remedy for 
a wrong if the remedy would involve 
the review of a lawfully vested discre- 
tion. There must generally be an ex- 
cess of jurisdiction or an act outside of 
the discretion vested in the city em- 
ployee before he can become liable per- 
sonally for any resulting damage 
(13-15). 

Municipal officials must not inten- 
tionally hire people they know to be 
incompetent, or to act maliciously, un- 
lawfully, or in bad faith. If officials 
do so, however, suit can be brought 
and recovery had only by a person who 
can show direct injury to himself re- 
sulting from the improper action. 

If the water works manager orders 
the connection to the home of a con- 
sumer shut off because the bill was not 
paid, no liability will result (76). But 
should the citizen come into the office 
and make himself obnoxious, the official 
must not take it upon himself to eject 
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the man instead of calling a policeman. 
That would be an improper assumption 
of authority. Although the city may 
not be liable for the bumps, bruises, 
and abrasions the citizen may suffer, 


the official will be. 
Conclusion 


Water works officials should not ex- 
ceed the scope of their authority. If 
they do so, they may be held personally 
liable for any injuries resulting. 
While employees act in good faith 
within the limits of authorization, and 
without negligence, they are not per- 
sonally liable to injured individuals. 
Entry on private property without the 
owner’s permission will result in liabil- 
ity for any resulting damage, proof 
of negligence or bad faith not being 
essential to a recovery. 

In many .cases, municipalities may 
be held liable for injuries caused by 
negligent employees. Governmental 
agencies which are not operated at a 
profit generally may not be held liable 
for injuries arising from negligence. 
Such immunity, however, may have 
been removed by statute. 
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Split-Treatment Method of Water Softening 


Arnold K. Cherry 


A paper presented on Oct. 15, 1954, at the lowa Section Meeting, 
Cedar Rapids, lowa, by Arnold K. Cherry, Plant Supt., Water Works, 


Cedar Rapids, lowa. 


SPLIT-TREATMENT method 

of lime softening has been used 
at Cedar Rapids, Iowa, except for a 
few days, since April 1953. About 30 
per cent of the water is clarified with 
alum and then mixed with softened 
water to give the desired pH and alka- 
linity in the finished water without the 
use of carbon dioxide. The split treat- 
ment has permitted simplification of 
controls, effected more uniform re- 
sults, and presented savings in operat- 
ing costs. 

The cost of this treatment has been 
about $1,000 a month less than that 
of conventional softening methods. 
During the 1-year period ending Aug. 
31, 1954, $7,255 less lime was used 
than in an average year with the 
former treatment. Fuel oil savings 
amounted to about $2,550 for the year 
1953-54, averaging $210 per month. 
During the winter there is no saving 
on fuel, as the boilers have to be oper- 
ated for heating the building. Another 
saving, about $2,500, was made in re- 
duction of power required to operate 
the compressor used to pump carbon 
dioxide from the boiler room to the 
basins. The compressor was occasion- 
ally used to pump air into the recar- 
bonation chambers to prevent ice for- 
mation during very cold days. 

Total savings for the year on these 
three items amounted to about $12,300. 
In addition, the expenditure for soda 


393 


ash was reduced about $1,890, which 
brought the total saved to more than 
$14,000. Still another economy, which 
cannot be evaluated in money, was on 
maintenance of compressors, scrub- 
bers, and driers. New recarbonation 
equipment would have had to be pur- 
chased if recarbonation had been 
continued. 


Control Simplicity 


The simplicity of control connected 
with split treatment appeals to the op- 
erators. When carbon dioxide was 
used, it was controlled by adjustments 
in three places, while recarbonation 
was carried on in three basins. With 
only one pipeline from the compressor, 
an adjustment on one basin meant a 
change in all three. These adjust- 
ments were all guesswork, and it was 
not unusual to have to make them 
every 2 hr or oftener. With split 
treatment, pH is controlled by regulat- 
ing the proportion of water being 
clarified. This is done with a 30-in. 
gate valve, and adjustment is rarely re- 
quired. It is possible to operate for 
days at a time without adjustment. 

The water quality has been very uni- 
form, and, with the aid of return 
sludge, it has been possible to keep 
alkalinity below 40 ppm even in the 
coldest weather. The averages for the 
1953-54 period were as follows: 
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Alkalinity 34 ppm 
pH 9.65 
Magnesium (as Mg) 8.0 ppm 
Calcium (as Ca) 21.5 ppm 
Total hardness (as CaCO,) 87.5 ppm 
Complaints by consumers about 


rusty water totaled only 28 that year. 
None was due to the new softening 
method. Before the split treatment 
was adopted, there were periods dur- 
ing the summer when the finished- 
water alkalinities dropped to 20-25 
ppm, resulting in water certain to be 
corrosive. It was in an effort to cor- 
rect this condition that the first at- 
tempt at split treatment was made. At 
the time there were only two mixers 
and clarifiers. A valve was opened to 
introduce some raw river water into 
the second mixing basin. This did not 
prove too successful, because of high 
turbidities and algae counts. There 
was insufficient time for proper clari- 
fication before filtration, and the pH 
was in an unsatisfactory range. 


Mixers and Clarifiers 


Additional basins and filters were 
constructed in 1950 and 1951, plant 
expansion was completed, and all pos- 
sibilities for split treatment were ex- 
plored. Figure 1 is a view of the im- 
proved plant. Several methods were 
tried before the present one was 


adopted. There are now four sets of- 


mixers and clarifiers (Fig. 2). The 
first two sets must be operated in par- 
allel, but the final two may be operated 
either in parallel or in series. One of 
the sets of primary basins was set up 
for softening, while the other was used 
for clarification only. Operating the 
last two sets of basins in series worked 
fine when pumpage was 8 mgd or less, 
but when it exceeded this figure, the 
losses in head through the return by- 
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pass flume and rapid mixers raised the 
water elevation 1 ft or more over the 
weir in the third clarifier, while water 
was at weir level in the final clarifier. 

The high water level threatened to 
float out the oil in the clarifier mecha- 
nism. To relieve this, a plate was 
partially opened, allowing some of the 
clarifier water to flow directly into the 
final set of basins. This unbalanced 
the latter chemically and made control 
more difficult. Another method used 
to keep basin elevations at a permissi- 
ble level was to send some of the third- 
clarified water directly to the filters. 
Carrying the water level high over the 
weirs in the center-feed clarifiers re- 
duced the efficiency of the basins con- 
siderably because of short-circuiting. 
It would have been impractical to oper- 
ate this way during the winter, owing 
to ice formation. The rapid flow over 
the weirs is depended upon to prevent 
solid, wall-to-wall freezing of the 
basins. 

The next major improvement in the 
treatment was utilization of a flume de- 
signed to introduce raw water to either 
of the final mixers. This allowed all 
of the water from the primary clarifiers 
to pass through one small recarbona- 
tion chamber, thus getting a mix. The 
water was then divided nearly evenly 
and flowed parallel through the final 
mixers and clarifiers. This method 
has been successful with pumpages up 
to 16 mgd. With a few changes in 
flume construction, reducing losses 
through the rapid mixers, it should 
be possible to operate at higher pump- 
ages without raising primary clarifica- 
tion elevations too high. 


Return Sludge 


The use of return sludge solved the 
problem of high alkalinities in the fin- 


Apr. 1955 


ished water during winter, when soft- 
ening reactions are slow. Old records 
show tap alkalinities as high as 60-80 
ppm. The introduction of double re- 
carbonation made lower alkalinities 
possible, but until return sludge was 
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is only one sludge pump. It is neces- 
sary, therefore, to pump from each 
basin alternately for 2-hr periods. If 
the quantity of sludge in these clari- 
fiers is insufficient to bring down the 
alkalinity to the desired point, or if the 


Water Works at Cedar Rapids, Iowa 


Split-treatment water softening has been successfully carried out at this plant. 


used, averages below 40 ppm during 
the winter months were impossible. 
At present sludge is being returned 
from the two final clarifiers into the 
rapid mixers in the middle of the proc- 
ess. These basins are each equipped 
with underwater clarifiers, but there 


water needs more sludge for stabiliza- 
tion (as shown by an alkalinity drop 
through the filters), additional sludge 
is introduced from the primary soften- 
ing clarifier by means of another pump. 
When sludge concentration gets too 
great, some is sent to the sewer. 
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A reduction in total hardness, for 
which the return sludge is largely re- 
sponsible, is the reason a saving in 
soda ash was possible. To keep the 
total hardness within the desired range, 
much soda ash had been used with the 
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nearly 9 ppm less than the average 
during the period 1948-52. The tur- 
bidity average for the year 1953-54 
was only 83 ppm, against a 111-ppm 
average for the 5-year period. For 
normal turbidities, 17 ppm or slightly 
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Fig. 2. Treatment Plant Layout 


Key: (a) not in use; (b) softening; (c) clarification only. 


Water from the primary 


clarifiers passes through a single small recarbonation chamber before separating into 


two parallel flows through the rapid mixers, final mixers, and clarifiers. 


Three of the 


clarifiers are center fed, and one is weir fed. 


previous method of water softening. 
More coagulant might be supposed 
necessary with the new treatment than 
with straight softening and recarbona- 
tion. The alum dosage, however, 
averaged 24 ppm for the year 1953-54, 


less is used on the softening side; 34 
ppm or slightly more is used on the 
clarification side. 

The lower turbidities contributed to 
the growth of a higher algae concen- 
tration than was ever experienced be- 
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fore, causing a higher threshold odor. 
The odor average was 65 per cent 
greater than the 5-year period average. 
More carbon was needed—particularly 
in the middle of the process—requiring 
more secondary coagulant; 6.5 ppm 
ferric sulfate was used, compared with 
5.6 ppm for the 5-year period. (Ferric 
sulfate has been used as a secondary 
coagulant because it has proved more 
efficient than alum at a pH of 10.0 or 
slightly less.) The average settled- 
water turbidity on the filters in the 
year 1953-54 was 1.5 ppm, and the 
percentage of wash water used was 
about 1.75. 


Taste and Odor 


Probably more carbon is required 
for taste and odor removal with this 
treatment than would be necessary if 
all the water were softened. Odor re- 
moval through the primary clarifiers 
is usually proportional to algae re- 
moval. With a pH of about 11.0 in the 
softening basin, more than 97 per cent 
of the algae are removed by the time 
the water leaves the clarifier. In con- 
trast, there is only about 75 per cent 
removal at the effluent end of the clari- 
fication basin. During the year ending 
Aug. 31, 1954, 7.3 ppm carbon was 
used, compared with 5.5 ppm in 1952. 
The 5-year average (1948-52) was 
only 3.35 ppm. The 5-year threshold 
average, however, was only 17.4 ppm, 
against 28.8 ppm for 1953-54. In the 
latter year it was necessary to apply 
carbon almost continuously during the 
winter months because of intensive 
algae odors. 

When a satisfactory ground water 
supply is available, the mixing of the 
softened water with ground water 


SPLIT-TREATMENT SOFTENING 


397 


would be ideal. This supply would 
have to be available in quantities equal 
to at least 25 per cent of the maximum 
daily consumption. It would greatly 
increase the practical maximum rate in 
the present basins with a split treat- 
ment. Then it would be possible to 
use beth primary mixers and clarifiers 
for softening in parallel. Future re- 
search on the availability of ground 
water in the vicinity of the plant would 
be desirable. 

It should be mentioned that sodium 
hexametaphosphate is applied, princi- 
pally to prevent excessive calcium car- 
bonate deposits in the cold-water lines 
close to the plant. About 0.5-0.75 
ppm is used, and this frequently is di- 
vided between two points of applica- 
tion, the filter tops and the clear well. 
The purpose of applying the phosphate 
at the top of the filters is to prevent a 
reduction of carbonates through them. 
By applying sufficient sludge in the 
middle of the process, it is possible to 
stabilize the water so that there is no 
appreciable drop in alkalinity through 
the filters. The carbonate reduction, 
however, is sometimes too great, and 
the alkalinity of the settled water drops 
below 30 ppm. In that case, the re- 
turned sludge is decreased to raise the 
alkalinity and the phosphate is de- 
pended upon to prevent an alkalinity 
drop through the filters. By avoiding 
the use of the filters as a means of sof- 
tening the water, it has been possible 
to use the same sand in the old filters 
for 19 years. 

The present treatment has proved 
to be a simple, economical method of 
softening water without sacrificing 
quality. Furthermore, the method will 
probably be improved in the future. 


Consumer Service Requirements 


Emil S. Mamrelli. 


A paper presented on Oct. 29, 1954, at the California Section Meeting, 
Long Beach, Calif., by Emil S. Mamrelli, Distr. Design Engr., Dept. 


of Water & Power, Los Angeles. 


OMESTIC service connections 

and private supply lines are very 
important parts of a water distribution 
system. With the exception of water 
bills, service connections provide the 
most intimate contact that consumers 
have with water companies. A water 
utility is judged, and its reputation is 
largely established, by the adequacy of 
its service connections. A great deal 
of time is taken in designing supply 
and distribution systems to provide 
communities with safe, dependable, and 
adequate water supplies. Service con- 
nections and house supply systems 
must receive the same care in design 
if maximum benefit from supply and 
distribution systems is to be derived 
by consumers. 

Continued rise in standards of living 
is accompanied not only by increased 
per capita water use, but also by a 
new concept of water supply adequacy. 
Water-using household appliances are 
rapidly increasing in popularity. The 
automatic nature of these appliances 
enables consumers to operate a greater 
number of fixtures simultaneously, 
thereby increasing peak demands on 
services and house supply systems. 
Cognizance of these changing condi- 
tions and increased allowances for an- 
ticipated future use must be taken in 
service and plumbing design. 

Present methods of sizing services 
and plumbing in Los Angeles, along 
with current service problems, antici- 


pated future domestic consumption, 
and investigation and evaluation of 
water service problems are discussed 
in this paper. 


Plumbing Code 


In Los Angeles, services, meters, 
and house supply systems are sized in 
accordance with the plumbing code 
incorporated as an article of the Los 
Angeles municipal code. The provi- 
sions for determining the size of serv- 
ice, meter, and house supply line are 
based, in general, on two National Bu- 
reau of Standards (NBS) _ reports 
(1, 2). 

These publications present a method 
of determining probable or design 
flows on a fixture-unit basis. Each 
water-using fixture is assigned a cer- 
tain number of “fixture units.” The 
total number of fixture units in a 
dwelling or building is used to deter- 
mine theoretical flow. A _ probability 
curve is charted which has flow in gal- 
lons per minute as the ordinate and 
fixture units as the abscissa. 

Allowable pressure loss per foot is 
established by considering minimum 
pressure in the distribution main, dif- 
ferences in elevation, loss of pressure 
in the meter, distance from the street 
main to the farthest fixture, and de- 
sired residual pressure. The NBS 
publications recommend minimum re- 
sidual pressures of 8 and 15 psi, re- 
spectively, for flush tank and flush 


398 


Apr. 1955 


valve installations. The size of water 
service, house supply line, and branch 
pipe are then determined, using the 
allowable pressure loss per foot and the 
maximum expected demand for the 
length of pipe under consideration. 
To facilitate handling large numbers of 
service requests, tables based on the 
procedure described have been pre- 
pared and included in the plumbing 
code. Services, meters, and other 
piping can be sized rapidly by reference 
to these tables. 

The service design tables are limited 
in scope and cannot be used for some 
special or unusual service conditions. 
The plumbing code requires a manda- 
tory design, based on the principles 
and procedures recommended in the 
two NBS reports, for those service 
conditions outside the scope of the de- 
sign tables. 

In Los Angeles, the sizing of all 
services, meters, and house supply 
lines is under the jurisdiction of the 
plumbing department. As a conven- 
ience to the customer and to the 
plumbing and water departments, how- 
ever, a working agreement has been 
reached which permits the water de- 
partment to size services and meters 
that are less than 2 in. in diameter. 
This enables most customers to make 
all arrangements for water service in 
one visit to the water department. 
The sizing of services 2 in. and larger 
is handled by the plumbing department. 


Pressure and Flow Requirements 


Because the water utility is the dis- 
tributing agency, it is the first to be- 
come aware of changing consumer 
water requirements. Meter books, 
flow charts, and other records show the 
consumption growth trend. The ur- 
gency of the problem, however, is bet- 
ter indicated by the number of com- 
plaints about pressure which are re- 
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ceived. In Los Angeles, pressure com- 
plaints have been increasing in recent 
years. As these complaints have origi- 
nated in both old and new service 
areas, it has become necessary to re- 
evaluate consumer water service 
requirements. 

A large number of pressure com- 
plaints result from the installation of 
additional fixtures—such as sprinkler 
systems, washing machines, and dish- 
washers—without enlarging the origi- 
nal plumbing system to provide for ad- 
ditional water demand, The average 
consumer who makes fixture additions 
to his plumbing system is unaware of 
hydraulic principles. This fact results 
in expense to the department, which 
must investigate the pressure com- 
plaints that follow, and to the con- 
sumer, who must correct the deficiency. 

An easy solution to the problem is 
to design adequate service lines, me- 
ters, and house supply lines initially, 
by raising minimum size requirements. 
In most instances, house supply system 
capacities in excess of immediately ex- 
pected demands would result. Extra 
system capacity would be available to 
supply additional appliances that are 
likely to be added in the future. This 
solution would minimize pressure com- 
plaints involving future service instal- 
lations ; deficiencies in existing services 
would be remedied whenever wear 
makes replacement necessary. 

Flow and pressure requirements for 
some of the fixtures or appliances 
which are likely to be added to a 
plumbing system have been investi- 
gated. The most common lawn sprink- 
ler system in Southern California is 
an underground or concealed installa- 
tion using small, fixed sprinkler heads 
set flush with the lawn surface. These 
sprinkler heads, under operating pres- 
sures of 10-20 psi, have capacities of 
1.5-3 gpm. The number of sprinkler 
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heads placed on a single or branch line 
varies widely but usually ranges from 
six to fifteen. Thus, flow demands on 
any one sprinkler line generally vary 
from 9 to 45 gpm, but are sometimes 
much more, The pressure required 
to deliver these quantities to the 
sprinkler heads with 10-20-psi residual 
is dependent on the length and size of 
pipe involved. As a general rule, at 
least 30 psi is required at the point of 
sprinkler line takeout from the house 
supply line. As sprinkler systems are 
commonly operated during peak de- 
mand periods, a minimum additional 
capacity of 9 gpm should be provided 
in services that have not previously in- 
cluded sprinkler systems. The valid- 
ity of this proposed requirement is em- 
phasized by a reliable estimate that 
25 per cent of homes in Los Angeles 
County now have such systems. In 
future years a much higher percentage 
of sprinkler systems can be expected. 
A well designed lawn sprinkler system 
that operates properly is a definite con- 
venience to a consumer. Also, higher 
incomes and low-cost plastic sprinkler 
sets that can easily be installed have 
placed such systems within the reach 
of most homeowners. 

Individual flow requirements for 
automatic washing machines and dish- 
washers are not, in themselves, exces- 
sive. Washing machines require about 
7 gpm during filling cycles, and dish- 
washers require 2-5 gpm. For proper 
operation of these appliances, the flow 
must be supplied at a constant rate. 
Appliance inlet valves are set at the 
time of installation to allow the proper 
flow at predetermined pressure. If 
this pressure is materially reduced, ap- 
pliance filling time is lengthened and 
the timing sequence of the machine is 
disrupted. Many consumers are forced 
to schedule water use so that adequate 
pressure will be available for operation. 
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As these appliances are coming into 
general use in Southern California, 
water quantities and pressures re- 
quired by the devices cannot be ignored 
in service and plumbing design. 

Widespread use of garbage disposal 
units adds only a small quantity to 
total system consumption. Disposal 
units may be operated satisfactorily 
with flows as small as 2 gpm. These 
devices are important considerations 
in service and plumbing design, how- 
ever, as simultaneous use with other 
appliances requires greater service and 
plumbing capacity to meet maximum 
demands. 

In the past, the use of flushometer 
valves in private homes has been lim- 
ited. Because these valves are con- 
venient and space saving, increased 
use in the future is inevitable. By 
using these valves as the controlling 
mechanism, most ordinary water 
closets can be adequately flushed with 
4 gal of water. To accomplish this 
flushing, the water must be supplied 
to the valve in a very short length of 
time, approximately 10 sec. Thus, a 
flow of at least 24 gpm must always 
be available for this type of installa- 
tion, because it is impossible to predict 
the time or frequency of operation. 

Each of the appliances discussed so 
far has definite pressure and flow re- 
quirements for satisfactory operation. 
The amount of extra capacity which 
should be built into private house sup- 
ply systems partly depends upon how 
much additional plumbing cost con- 
sumers can reasonably be expected to 
pay on original installations in order 
to obtain future savings and conven- 
ience. This question may not be re- 
solved satisfactorily by the prospective 
customer, as he is concerned with keep- 
ing initial building costs to an absolute 
minimum. The water utility can be 
of real service to the consumer in ad- 
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vising him of the minimum size of 
service and meter he should have 
installed. 


Usage Tests 


Experience in investigating pressure 
complaints has shown that it is a 
prevalent consumer belief that any de- 
ficiency in water service is the result 
of reduced pressure in the water sys- 
tem distribution mains rather than a 
deficiency in private plumbing. This 
general belief has forced the Los An- 
geles water system to revise its service 
test methods. The new tests serve a 
dual purpose: [1] to determine the 
source and extent of pressure trouble; 
and [2] to collect data which will be 
useful in determining desirable service 
design standards, taking into consid- 
eration probable future demands and 
actual economy to the consumer. 

The tests are conducted in the pres- 
ence of the consumer, if possible, so 
that he can observe the methods and 
results. Pressure gages are situated 
so that pressure losses for the service 
line, meter, house supply line, and in- 
ternal house plumbing can be deter- 
mined quickly by subtracting the read- 
ings of adjacent gages. The tests have 
been very successful in improving 
public relations. The source of trou- 
ble is shown directly by the pressure 
gage readings, and the consumer can 
be properly advised of the most eco- 
nomical method of correcting his pres- 
sure trouble. There is no need to use 
hydraulic computations, which are 
more likely to confuse than satisfy the 
consumer. 

The revised service tests now being 
conducted are relatively simple to per- 
form, yet supply enough data to plot 
the pressure gradient for the various 
reaches of pipe being used in the do- 
mestic supply system. The total flow 
to the system is obtained, but flow to 
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the individual branches must be ap- 
proximated or calculated using the 
total-flow information and the pressure 
gradient. 

The equipment used in testing the 
plumbing of most private residences 
consists of four pressure gages cali- 
brated in 1-psi increments, a_ stop- 
watch, and two short lengths of riser 
pipes with low head loss, one of which 
been equipped with a_blowoff 
valve. The riser pipes provide pres- 
sure gage outlets on each side of the 
meter. 

Installation of the test equipment is 
accomplished by removing the water 
meter and its housing. The riser pipes 
are connected to the service and house 
supply line, so that the blowoff valve 
will be on the discharge side of the 
meter. The meter is then connected 
to the riser pipes above its original 
position. Next the pressure gages are 
installed, on each side of the meter and 
on hose bibs at the front and back of 
the house. 

The test procedure is as follows: 
Water is turned on, and each of the 
four pressure gages is bled to discharge 
any existing air. Static readings of the 
four gages are taken, and any differ- 
ences in readings due to elevation in 
terrain are noted on the data sheet 
shown in Fig. 1. This completes pre- 
liminary preparations for the tests. 
The following data are recorded on 
the data sheet for each test run: pres- 
sure readings of the four pressure 
gages, meter readings at the begin- 
ning and end of the test run, and the 
time of the test run. The service line 
and meter are first tested by opening 
the blowoff valve on the discharge side 
of the meter. Then the front-yard 
sprinkling system (or hose bib, if a 
sprinkler system is not available) is 
tested. Fixtures within the house are 
opened progressively, and readings are 
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Owner: Water Sys. Elev. Date: 0/6/54 _ 
Address; Ground Blev. 
Ls Ai CULE. Temperature 
PLETURE UNIT VALUES 
from L.A, City Plumbing Code Gy 

Pixture No, | Value | Total Gy 
Plush tank vi | 2 
tub or shower. A th Tub | Shower 

itehen sink / Zz 
Laundry tub 3 2 \ush Lavatory 
Automatic washer 1 2 2 
Air conditioner = 
Hose bib = 

2” Hose bib 2 2 ir Condit 

Hose bib 
' Ez @) 

Bib 
given in Cote 37 Service 198 
Meter 

Design flow on fixture Bvouse ~792 
unit basis = 72 4pm @ T psi residval Schematic Of Service ¢ On-site Plumbing 


FLOW DATA TABLE 


Smest Maw thessoee 56 psi Test Run No. 
1 2 3 . 5 6 
vatory 
lush valve 
SFliush 
ath tub or shover £ 7 
4 itehen sink l 
ishvasher 4 
undry tub 
Lutomatic washer 7 
ir conditioner 
Hose bibs “4 ail 
ler heads 4 
ter read end of run 20 22 2.2 Z2 32 
eter read beg. of run 2 ‘4 2 
otal volume, cu.ft. W) 2.0 3.0 SES 
67 2 ZA 
ncu.ft./min. | 230 | | 4:09 | 
Pressure date in 2. 164. |. | 36.9 | 35.7 
psi b preseure 27.0 4-0 | 720 
5. 20 757 Zé | 22 
Test Party: £47 
MEYER Quner present Yes Ne _ 


Fig. 1. Test Data Sheet 


The data are typical of test results where consumers complain of inadequate pressure. 
Four gages are situated so that pressure losses can be clearly shown to the consumer, 
who is usually present. 
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taken as each new load is imposed 
upon the system. New loads are added 
until all fixtures which might reason- 
ably be in operation at one time are in 
use, or until the residual pressure has 
dropped below the minimum pressure 
allowed in the municipal code. 


Results of Test 


Results of a typical service test are 
shown on the data sheet in Fig. 1. A 
sprinkler system and an automatic 
washing machine have been added 
since the original plumbing installa- 
tions. The original design flow for 
this system was 15 gpm, based on a 
total of 19 fixture units. The fifteen 
sprinkler heads and ,the automatic 
washing machine added 18 fixture 
units to the system, making the present 
total 37. On that basis, the Los An- 
geles code would have required a de- 
sign flow of 23 gpm. Tests indicate 
this flow would have been insufficient, 
because the sprinkler system requires 
about 22.5 gpm, or 1.5 gpm per head, 
for proper operation. 

The plumbing profile, location of 
test apparatus, and three pressure gra- 
dients depicting different conditions 
are shown in Fig. 2. The pressure 
gradient shown as a solid line was 
plotted from pressure data in test run 
No. 5 (Fig. 1). Observed flow dur- 
ing this run was 16.1 gpm, of which 
approximately 13.5 gpm was taken 
by the fifteen sprinkler heads in opera- 
tion and 2.6 gpm by the bathtub and 
kitchen sink faucets. Flow to both the 
sprinklers and the house fixtures was 
very inadequate. The 16.1 gpm ob- 
tained during the test run was, for all 
practical purposes, the maximum flow 
of the system. This knowledge is valu- 
able in determining the flow deficiency 
of the system. 

The pressure gradient shown as a 
dotted line in Fig. 2 was calculated to 
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illustrate the effect of replacing the 
existing }-in. service line, }-in. meter, 
and #-in. house supply line with a 
properly sized system—a 1-in. service 
line, l-in. meter, and 14-in. house sup- 
ply iine. A total flow of 32 gpm was 
used in the calculations. This flow al- 
lows 22.5 gpm for the sprinkler system 
and 9.5 gpm for the kitchen sink and 
bathtub faucets. The pressure gra- 
dient shows that the required residual 
pressure is maintained at all points. 

The pressure gradient shown as a 
broken line in Fig. 2 was calculated to 
illustrate the adequacy of the house 
supply system originally designed on 
the basis of 19 fixture units. The 
original design flow of 15 gpm was 
used, and all takeouts were assumed 
to be located in the vicinity of the bath- 
room. The resulting residual pressure 
was 9.1 psi, which exceeds the 8-psi 
minimum required by the plumbing 
code for this type of installation. 

The test results and the pressure 
gradients vividly illustrate changing 
consumer service requirements. The 
test was made because of a pressure 
complaint by a consumer who appar- 
ently was unwilling to schedule his 
water use. The extent of the present 
deficiency in available flow and resid- 
ual pressure can be observed by com- 
paring the pressure gradient curves 
and the flow quantities. The curves 
also indicate the extent of deficiency 
that has resulted from the addition of 
the sprinkler system and washing 
machine to the original plumbing 
installation. 

The deficiencies observed are quite 
typical of many consumer service 
problems experienced in areas that 
have moderate or average street main 
pressures, 50-60 psi. Some areas in 
Los Angeles are served by water pres- 
sures as low as 43 psi, a condition 
which aggravates consumer service 
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problems. Even in localities where 
pressures often exceed 75 psi, however, 
it is not uncommon to receive pressure 
complaints. 


Conclusion 


The investigations made and the test 
data compiled indicate the need for in- 
creasing service and meter size re- 
quirements. The data further indicate 
that l-in. services and meters would 
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and consumer satisfaction accruing 
from the installation of adequately 
sized service lines and meters. 


Acknowledgment 


The author wishes to express his 
appreciation to G. A. Wyss, G. S. 
Cooper, L. W. Felt, C. A. Johnson, 
R. A. Child, L. L. Meyer, and other 
members of the water design and water 
distribution divisions of the Los An- 


Street Main’” 


A—Calculated pressure gradient for original design; }-in. service line, meter, and 

house supply line; total flow 15 gpm. B—calculated pressure gradient for 1-in. serv- 

ice line, 1}-in. house supply line, and 1-in. meter; total flow 32 gpm. C—observed 

pressure gradient for existing }-in. service line, 4-in. meter, and 4-in. house supply 
line; total flow 16.1 gpm. 


adequately meet most consumer re- 
quirements. Therefore, to assure the 
consumer of reasonably adequate serv- 
ice, the Los Angeles Dept. of Water 
and Power is recommending 1-in. serv- 
ice connections as the minimum size 
for all new customers. 

Water utilities that are experiencing 
an increase in complaints about lack of 
pressure may benefit by investigating 
and analyzing the economic advantage 


geles Dept. of Water and Power who 
have assisted in the preparation of this 
article, perfected the test apparatus, 
and conducted the field tests. 
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Consumer Complaints in the Southeast 


John R. Bettis, Thomas King, O. M. Fuller, 


and L. E. Wallis 


A paper originally presented as a panel discussion on Mar. 31, 1954, 
at the Southeastern Section Meeting, Greenville, S.C., by John R. 
Bettis, Mgr. & Engr., Comrs. of Public Works, Charleston, S.C.; 
Thomas King, Asst. Mgr., Water Works, Columbus, Ga.; O. M. 
Fuller, Supt., Board of Public Works, Gaffney, S. C.; and L. E. 


Wallis, Supt., Water & Light Dept., Elberton, Ga. 


The individual 


discussions were combined into one paper by John R. Bettis. 


ANY of the so-called complaints 
by consumers are actually in- 
quiries. In the Southeast section, the 
largest number of inquiries concerns 
high bills to those on metered service. 
If the manager listens patiently to the 
customer’s argument that he could not 
have used so much water, the reason 
for the high bill will often be brought 
to light. For example, users who re- 
ceive quarterly billings may forget that 
early in the period they used a lot of 
water for lawn sprinkling during a dry 
spell. Leaks and other abnormal heavy 
drains may also be an explanation. 

It is helpful to have a meter reading 
record available to show the dissatis- 
fied consumer. An explanation of how 
the meter works, using a cutaway 
model, will often convince him that 
the measurement is accurate. 

High bills caused by leaks may be 
located by the consumer himself, if he 
is told how to use the test hand on 
the meter. Many plumbers are not fa- 
miliar with this method and fail to stop 
wastage completely. Most customers 
with high bills are willing to look for 
leaks and have them repaired, if they 
understand the procedure. 
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Low Pressure 


Another complaint frequently re- 
ceived by water works is that of low 
pressure. The following simple flow 
test can be made for each complaint: 
a hose is attached to the inlet meter 
coupling after the meter has been re- 
moved, and the time required to fill 
a pail of given size is noted. If it 
takes longer than the standard period 
for the size of service involved, cor- 
rective action should be taken at no 
cost to the consumer. If the standard 
is met, however, the consumer is noti- 
fied that the trouble apparently is in 
his plumbing and should be rectified 
at his own cost. 

Occasionally low-pressure complaints 
come from people whose water is ob- 
tained through a private main. Even 
though the water department has no 
responsibility, it still receives criticism. 
Strict utility control over private mains 
and their connections is a necessity. 


Red Water 


Complaints are often received about 
red water. This problem can _ be 
cleared up by proper use of metaphos- 
phates. Incrustations on cast-iron 
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mains sometimes break loose after a 
high-velocity flow due to heavy hy- 
drant usage. Allowing a small stream 
to flow from one or two hydrants in 
the affected area will eliminate the 
discoloration. 


Shutoffs 


Shutoffs for nonpayment have al- 
ways been public relations problems. 
A tactful reminder notice sent out in 
a sealed envelope under first class mail 
will usually bring in 99 per cent of 
the accounts. It is necessary to treat 
all customers alike. In one Southeast 
city of about 75,000 population, the 
service to the water commission chair- 
man was shut off because he dis- 
regarded his reminder notice. He was 
treated in the same way as other cus- 
tomers and he approved of the action. 
The general policy is that if service is 
discontinued, it is not restored until the 
bill, plus the penalty (usually $1.00), 
is paid. Frequently service is restored 
the same day the bill is paid. 


False Readings 


Water works officials often receive 
calls from customers who state that 
the meter reader did not, and could 
not, read the meter. They claim he 
just guessed at the consumption and 
wrote down some figures on the meter 
card. At Charleston, S.C., when a 
meter is covered or dirty or cannot be 
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read for some other reason, the meter 
reader notes the cause of difficulty on 
the meter record card. Another man 
will then be sent to repair the meter 
and get the reading. This procedure 
relieves the meter reader of any temp- 
tation to guess at even one figure in 
the reading. 

John L. Ford of the Ford Meter 
Box Co. tells of a customer who came 
into the office to complain that the 
meterman had not read the meter for 
several periods. When the super- 
intendent asked the customer how he 
knew this, the explanation was that he 
had placed a silver dollar between the 
cover on the meter and the register 
glass, and the silver dollar was still on 
the meter. The superintendent called 
in the meter reader and asked him if 
he knew of any meter with a silver dol- 
lar in it. The latter immediately 
named the location and stated how 
long the coin had been there. The cus- 
tomer left hurriedly after which the 
superintendent told the meter reader 
to get on his bicycle, beat the customer 
to the meter, and remove the dollar. 


Some of the practices of Southeast 
water departments in handling cus- 
tomer inquiries have been described. 
Many water works are beginning to 
realize that service, not merely water, 
is being sold to customers. Proper an- 
swers to customer inquiries are an 
important part of service. 
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Handling Consumer Complaints 


Lawrence E. Martin 


A paper presented on Sep. 28, 1954, at the Missouri Section Meeting, 
Jefferson City, Mo., by Lawrence E. Martin, Office Mgr., Missouri 


Water Co., Independence, Mo. 


O business operation runs smoothly 

all of the time. Eventually some- 
one in the organization is bound to 
make a mistake which will be ques- 
tioned by a consumer. Perhaps the 
customer will even become quite angry 
with the utility. Mistakes, misunder- 
standings, or negligence may cause him 
to tell the utility his feelings on the 
subject, and an unpleasant situation 
can easily arise. 

Utility employees should realize 
that the customer did not invent an 
excuse for complaining. When talking 
with a complaining customer, the util- 
ity representative should strive to be 
tactful and refrain from letting per- 
sonal feelings color his attitude. A 
cheery smile, if genuine, will disarm a 
dissatisfied consumer. The attitude 
presented must be one of willingness 
to help rectify the situation. 

The water works representative 
should listen carefully to the complaint 
and remember that the customer may 
feel his grievance is unique as well as 
serious. Probably he has been think- 
ing about it for some time. The lis- 
tener should not interrupt the cus- 
tomer while he is describing his com- 
plaint. A_ utility representative is 
there to learn the causes of the com- 
plaint and to let the consumer unload 
his troubles. 


Consumer Satisfaction 


The consumer will often wish to see 
the head of the organization in order 


to obtain assurance that the complaint 
will be adequately dealt with. If the 
general manager is the person spoken 
to, the customer’s ego will be gratified, 
a satisfaction he can mention to his 
friends. 

Having heard the problem, the man- 
ager should be able to give a satisfac- 
tory answer. If the company has 
erred in handling the account or in 
rendering service, this fact should be 
admitted. Failure to do so will lead 
only to customer bitterness. Any mis- 
takes must be promptly corrected. If 
the complaint is due to a misunder- 
standing, it should be cleared up by 
careful explanation. In addition, a di- 
gression to other matters of common 
interest will often create good will and 
allay anger on both sides. A genuine 
interest in the consumer and his prob- 
lem will usually result in mutual 
satisfaction. 

It is very helpful to let the customer 
aid in making the decision on rectifi- 
cation of his trouble. If an adjustment 
is needed, he might be asked just what 
he would do if he were the manager. 
By being taken into confidence, the 
consumer may very well agree to a 
settlement that is better for the utility 
than one the manager himself might 
propose. 

A satisfied customer is the best ad- 
vertisement a utility can have. Not 
only should a consumer’s complaint be 
settled but he should be left in a 
friendly frame of mind toward the or- 
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ganization. The way in which cus- 
tomers are treated will eventually be- 
come known to all the people in the 
area. Although a water utility has a 
local monopoly, it must provide good 
service and fair treatment, or difficul- 
ties will result. 


Summary 


1, The customer’s complaint is often 
at least partly the utility’s fault. 

2. A friendly attitude on the part 
of the utility representative is impor- 
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tant to the maintenance of customer 
goodwill. 

3. The representative should listen 
to the complaint attentively, without 
interrupting. 

4. The customer should be allowed 
to play some part in reaching any deci- 
sion for adjustment. 

5. The customer should be left with 
a friendly feeling toward the company, 
for satisfied customers are an impor- 
tant asset. 
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FCDA Engineering Contributions Program 


Arnold Nesheim 


A paper presented on Oct. 29, 1954, at the Chesapeake Section Meet- 
ing, Baltimore, by Arnold Nesheim, Director, Emergency Restoration 
Div., Eng. Office, Technical Advisory Service, Federal Civil Defense 


Administration, Battle Creek, Mich. 


HE objective of the Federal Civil 

Defense Administration (FCDA) 
engineering equipment contributions 
program is to assist states and their 
political subdivisions in establishing 
engineering resources required for civil 
defense activities and in making facili- 
ties available for training an adequate 
civil defense engineering force. 

In 1951 and 1952 the FCDA con- 
ducted a nationwide sampling survey 
of engineering equipment resources. 
The survey showed that there was an 
adequate supply of heavy engineering 
equipment, such as earth-moving ma- 
chinery and heavy construction equip- 
ment, for civil defense needs, but that 
certain other items were in short sup- 
ply. The cost of total national re- 
quirements of these items in short sup- 
ply has been estimated to be $69,000,- 
000. In 1952 and 1953 the FCDA 
purchased $6,900,000 worth of these 
items with federal funds, including 450 
miles of 8-in. light-weight steel pipe, 
225 pumps (1,500-gpm capacity), 100 
water filtration units, 45 mobile chlo- 
rinators, and 382 portable generators 
varying in size from 5 to 40 kw, This 
equipment, representing about 10 per 
cent of estimated total requirements, is 
now stored at 40 locations near 38 
critical target cities. 

For the fiscal years 1955 and 1956, 
however, the FCDA will participate in 
the procurement of engineering equip- 
ment and supplies only on a matching- 
fund basis. Under this program, the 


FCDA will assist states and munici- 
palities by matching their expenditures 
for needed civil defense equipment and 
supplies with federal funds on a 50-50 
basis. Requests for such assistance 
must be initiated at the state or local 
level. 

All those types of items which have 
been found in short supply and which 
were stockpiled in 1952-53 will be eli- 
gible under this program. These 
comprise : 

1. Light-weight steel pipe (8 in.) 
with grooved ends for victaulic type 
couplings, with related fittings such as 
tees, gate valves, and pipe caps. 

2. Light-weight aluminum pipe (8 
in.) with grooved joint ends for the 
same type of couplings. 

3. Light-weight aluminum pipe (8 
in.) with the shove-together type joint 
attached to the pipe. 

4. Wheel-mounted centrifugal pump 
(1,500 gpm at 100 psi) with gasoline 
engine drive. 

5. Skid-mounted portable purifica- 
tion unit (100 gpm), consisting of a 
pump and diatomaceous-earth filter ; 
two 3,000-gal, collapsible, rubber- 
covered nylon storage tanks; and a 
100-gpm gasoline engine—driven load- 
ing or transfer pump. 

6. Trailer-mounted chlorinators with 
gasoline engine-driven pumps, having 
a capacity of 2 Ib-300 Ib per 24 hr. 

7. Skid-mounted generators with 
gasoline engine drives, in 5-, 15-, 30-, 
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and 40-kw sizes. (Weights and costs 
of Items 1-7 are shown in Table 1.) 

8. Items not listed may be eligible 
when adequately justified. 

The water works equipment is de- 
signed to supplement existing water 
works facilities, and the generators are 
designed to provide emergency power 
for first-aid stations, mass care and as- 
sembly centers, usable existing hos- 
pitals, and other civil defense purposes. 

In order to assist those states and 
municipalities which plan to participate 
in the matching-fund program, the 
FCDA has prepared a matching-fund 
manual (7), listing all items of equip- 
ment and supplies of the various serv- 
ices which may be eligible under the 
program. Chapter 10 of this manual 
covers engineering, items of engineer- 
ing equipment and supplies eligible for 
contributions being listed in Annex 
10-A. Sizes other than those listed 
in Annex 10-A may also be eligible 
for contributions, provided the need 
for the equipment and supplies can be 
properly justified in accordance with 
criteria for approval. 

Federal contributions for engineer- 
ing equipment and supplies of the 
types which have been described may 


TABLE 1 
Weights and Costs of Eligible Items 
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; Approx. 
Item* Cost 
1. Steel pipe /20-ft section 1/ft 
2. Aluminum pipe 
(grooved-end) 58/20-ft section 1.75/ft 
3. Aluminum pipe 
(shove-together) 73/20-ft section 2.50/ft 
4. Pump 6,000 3,500/unit 
5. Filter unit: 4,500 5,100/unit 
Filter 3,200 
Pump 400 
Tank (2) 750/each 
6. Chiorinator 5,200 3,200 
7. Generator 
5 kw 900 1,200/unit 
15 kw 1,800 3,000/unit 
30 kw 2,500 3,000/unit 
40 kw 3,500 3,500/unit 


* For further description, see text. 
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be approved, subject to the following 
conditions : 

1. Equipment or supplies for civil 
defense purposes must be adequately 
justified for local operational or train- 
ing requirements, in accordance with 
the criteria. 

2. Equipment and supplies must be 
made available in support of attacked 
areas, in accordance with: (a) intra- 
state mutual-aid and mobile-support 
plans, and (b) an interstate compact 
or, in lieu thereof, an agreement with 
the appropriate FCDA regional office 
for use of such equipment and supplies 
across state lines when requested by 
the office in an emergency. 

3. Engineering equipment approved 
for organizational use on a standby or 
supplementary basis must be installed 
in a manner which would allow trans- 
fer to other locations if necessary. 

4. Where engineering equipment is 
to be installed in an existing hospital, 
the hospital, to qualify, must be regis- 
tered by the American Medical Assn. 
or the American Osteopathic Hospital 
Assn. 

5. Contributions will not be ap- 
proved when the engineering equip- 
ment is to be located within a “Class I 
vulnerable urban district” (defined be- 
low). Engineering equipment pur- 
chased on a matching-fund basis shall 
not be located within 10 miles of a 
Class I vulnerable urban district un- 
less protective construction is provided 
to assure at least minimum operational 
capability of the facility. 

6. Federal contributions will not be 
approved for the purchase of engineer- 
ing equipment and supplies used in 
normal, day-to-day operations. 

7. Federal contributions will not be 
approved for earth-moving equipment, 
air compressors ; cranes; trailers; gas, 
water, electric, and telephone repair 
trucks; welding equipment; and other 
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items which have been found to be in 
adequate supply. 

8. Federal contributions will be ap- 
proved in amounts determined to be 
necessary to meet minimum emergency 
operating requirements only. This 
would not preclude participation to 
that extent in acquisitions involving 
greater financial outlays, if the local 
agency desires to finance the additional 
cost with its own funds. Examples of 
minimum emergency operating re- 
quirements are: 

a. Water purification units; one unit 
may be approved for each planned 
5,000-person casualty center, or 25,000- 
person evacuee center. 

b. Pumping units: one !,500-gpm 
water works pumping unit may be ap- 
proved for each two 750-gpm fire 
pumpers (or fire pumpers of equal 
total capacity) required at the fire 
front. 

A Class I vulnerable urban district 
is defined as a highly industrialized 
and densely populated section of an 
urban area that is enclosed by a line 
drawn through the centers of contigu- 
ous 4-mile diameter circles in each of 
which one or more of the following 
conditions apply: 

1. Defense-supporting plants, each 
of which has 100 or more employees 
and which together have a combined 
employment of 16,000 workers. 

2. Residential population of 200,000 
persons. 

3. Daytime population of 200,000 
persons. 

4. Major military installations or 
other installations of strategic impor- 
tance. 

Until such time as information con- 
cerning the boundaries of Ciass I vul- 
nerable urban districts is disseminated 
to the field, the determination of 
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whether or not a proposed site meets 
the requirements as to location with 
respect to the vulnerable urban district 
of a given city will be made by the 
appropriate regional office on the ad- 
vice of the FCDA National Office 
prior to final approval of the application. 

States are encouraged to submit con- 
solidated statewide requests for engi- 
neering equipment and supplies wher- 
ever possible and feasible, so that ad- 
vantage can be taken of the lower 
prices which large-scale buying af- 
ords. Application forms for matching 
funds (Form 233, “Project Applica- 
tion”) are available at all state civil 
defense directors’ offices. 

The preceding statements have been 
limited to the procurement of engineer- 
ing equipment and supplies for civil 
defense under the contributions pro- 
gram. There is another provision in 
the contributions program that is 
equally important: this pertains to the 
training of engineers for civil defense. 
Funds are available under the contri- 
butions program for training engineers, 
employees of the various municipal 
utilities, members of allied trades, and 
those in the construction industry, in 
civil defense in accordance with the 
provisions of Chapter 7 of the contri- 
butions manual (/). 

All water works men are urged to 
take an active interest in preparing 
themselves for civil defense emergen- 
cies. Every community in the United 
States should be prepared to cope with 
disaster, wherever and whenever it 
strikes, with an adequate force of well 
trained and equipped engineers. 


Reference 


1. Federal Contributions. Manual 25-1, 
Federal Civil Defense Admin. Supt. of 
Documents, Washington 25, D.C. (Oct. 
1954). Price $1.25. 


Problems of Ground Subsidence 


R. R. Shoemaker and T. J. Thorley- 


A paper presented on Oct, 27, 1954, at the California Section Meeting, 
Long Beach, Calif., by R. R. Shoemaker, Chief Harbor Engr., and 
T. J. Thorley, Sr. Harbor Engr., both from Long Beach, Calif. 


UBSIDENCE phenomena are 
known to geologists, foundation 
engineers and experts on soil mechan- 
ics. Technical literature has many 
discussions of surface phenomena that 
take place over a very long period of 
time. Man’s concern with them has 
usually been academic, principally to 
further his knowledge of the processes 
of formation and change of the earth’s 
surface or to furnish an explanation 
of geologic observations. The failure 
of roof supports in mining operations 
conducted relatively close to the sur- 
face of the ground is one of the com- 
monest causes of subsidence. There 
are, of course, many others. The sur- 
face effects of various forms of subsi- 
dence may be quite marked and often 
present a serious problem. Small de- 
grees of subsidence have frequently ac- 
companied domestic water pumping, 
extensive production of ground water 
for irrigation, and drainage work in 
some areas. There has been little op- 
portunity to chart subsidences because 
they are unobservable except through 
the use of precise surveying methods. 
In addition, there often are insufficient 
surface problems to justify engineering 
study. In most cases, knowledge of 
the subsidence probably does not exist. 
In recent years, however, some of 
the larger subsurface operations have 
been located beneath extensive popula- 
tion developments, including high- 
value surface improvements. With in- 


creasing population along the shores of 
the continental United States and 
with the rapidly increasing demands 
upon these lands, aggravation of the 
problem may be expected in the future. 
Where a change in elevation of the 
earth’s surface is near sea level or 
near the level of rivers and other bodies 
of water, and as additional instances 
of lowering artesian waters occur, the 
problem may often become quite acute 
within the economic lifespan of struc- 
tures in the affected areas. Water 
works are no exception. Until results 
become quite apparent, few persons are 
likely to be concerned. The engineer- 
ing professions should be alerted early 
if major trouble is to be prevented. 

In the southern part of Los An- 
geles County small earth movements 
were observed and discussed long be- 
fore any major subsidence occurred. 
These movements were generally on 
the order of a small fraction of a foot 
over a period of a decade or more. 
There was even some evidence of re- 
versals of movement, between times. of 
observation, and isolated cases of land 
rising were noted. 

At the outset, studies on the subject 
were usually conducted purely as a 
matter of general interest among engi- 
neers and geologists. 


Oil Land Subsidence 


The discovery that the Wilmington 
oil field was partly beneath uplands 
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and partly beneath the publicly owned 
tidal and submerged lands imposed an 
unusual responsibility upon the harbor 
department of Long Beach. Tidelands 
had been granted by the state to the 
city, subject to a stipulation that the 
lands were to be used for harbor and 
allied purposes. Title to oil beneath 
the tidelands nassed to the city, with 
the courts indicating that harbor uses 
should not be impeded by oil opera- 
tions. From the very beginning of the 
tideland oil development, this port pri- 
ority over oil development has been 
carefully observed. 

Within 3 years after major develop- 
ment of the Wilmington oil field had 
commenced, it became obvious to the 
engineering staff responsible for the 
planning and designing of the port 
that, at some sites, there was a meas- 
urable downward trend in elevation 
that could not be accounted for by sur- 
face conditions. Following 1940 the 


annual rate of subsidence showed a 
marked tendency to increase and occa- 


sionally to fluctuate. The coincidence 
in area, amount, and timing of some 
of these surface changes with the rate 
of reduction of fluid pressures in the 
oil-, gas-, and water-producing zones 
of the sediments underlying the area 
strongly suggested a cause-and-effect 
relationship. This has since been the 
subject of intense study by a large 
number of investigators. They have 
given various opinions regarding the 
mechanics of the subsidence, the most 
effective means of studying and pre- 
dicting it, and the feasibility of arrest- 
ing it. 

About 1944 it became evident that 
the rate of subsidence was accelerating 
toward a figure which might no longer 
permit surface construction projects to 
last out their normal economic life. 
In order to plan new work intelli- 
gently, as well as to handle mainte- 
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nance, it was essential to seek all pos- 
sible knowledge on the subject. Al- 
though the harbor department staff 
had its own views about the probable 
causes, it desired the completely un- 
biased and independent determinations 
of a board of outside experts. The US 
Navy, other public agencies, and large 
private property owners in the affected 
areas also began to feel the need for 
intensive study. As a result, a long 
series of such inquiries were initiated. 
These undoubtedly will be carried on 
for the duration of the phenomena. 

To visualize the principal affected 
area as it existed prior to subsidence, 
picture an absolutely plane horizontal 
surface approximately 10 miles long 
and 5 miles wide, oval in shape, and 
positioned generally over the produc- 
ing oil field. (This is an oversimplifi- 
cation, as there were varying eleva- 
tions on the plane surface, including 
some ocean floor and harbor channels. ) 
The plane surface subsided about 20 
ft at the center of the oval and has 
dropped about 1 ft at the perimeter. 
Outward from this 1-ft isobase of sub- 
sidence, there is a very gradual de- 
crease to zero over an undetermined 
distance. All surface points in the 
area have moved horizontally (gener- 
ally toward the center of the oval) for 
distances which can usually be meas- 
ured in feet. The differential move- 
ment is substantial in itself. 

The oval of subsidence is deepening, 
elongating, and widening. It is also 
enlarging slightly more rapidly in the 
direction of most recent subsurface 
pressure drawdowns than in other di- 
rections, although this trend is slow. 
Upon this oval surface are improve- 
ments valued at well over a billion dol- 
lars, and in the more critical areas of 
the oval (those near the waterfront) 
the improvements are valued at more 
than $500,000,000. 
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To study the causes of subsidence, a 
board of geologists was set up jointly 
by the Southern California Edison Co., 
the Craig Shipbuilding Co., and the 
Port of Long Beach. To obtain com- 
pletely independent views, the US 
Navy at approximately the same time 
employed a private firm as consultants. 
The initial reports of the two groups 
were made with comparatively little 
knowledge of the thicknesses of oil- 
producing sands, the pressure draw- 
downs that might have occurred in 
those sands, and the probable extent of 
the oil field. Moreover, the investi- 
gators did not have fuil knowledge of 
the probable total number of oil zones 
which might ultimately be discovered 
and placed in production. 

After comprehensive exploration of 
the possible causes of subsidence in the 
affected area, each of these groups of 
investigators concluded that the most 
important factor was the drawdown 
due to the production of gas, oil, and 
water. All of the investigators under- 
estimated the maximum expected 
amount of subsidence, principally 
owing to insufficient data at the time 
of their studies. There was consider- 
able disagreement on whether compac- 
tion was exclusively within the oil 
sands, or in the clays and shales, or in 
all three. After additional oil zones 
had been discovered and placed in pro- 
duction, each of the agencies prepared 
revised studies and again predicted 
subsidence based upon the data then 
known. 

Possible minor sources of subsidence 
other than reduction of pressures in 
the oil zones included: withdrawals of 
water from confined aquifers; over- 
loading of surface areas, thus consoli- 
dating sediments; vibrations of sedi- 
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ments from various causes; tectonic or 
crustal movements of the earth’s sur- 
face; and lowering of the water table. 
In an area such as the one concerned, 
each of these causes—with the possible 
exception of tectonic action—can be 
relied upon to contribute to subsidence 
in some degree, though usually small. 

As subsidence progressed to the ad- 
vanced stage where its surface and 
subsurface effects became noticeable to 
the layman (see Fig. 1 and 2) and to 
the managements of the various inter- 
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Fig. 1. Oil Well Tubing Deformation 


Horizontal movement of the earth as a 
result of subsidence caused deformation 
of these pipes. 


ested organizations, restudies by the 
original investigators were ordered. 
Also, a very large committee, com- 
posed of management and engineers of 
the principal affected agencies, was 
formed. The engineering staffs of 
most of these groups were combined 
into a technical committee, with three 
main subcommittees: The oil well in- 
vestigation subcommittee had the func- 
tion of collecting all evidence relating 
to damaged or deranged wells in the 
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field, segregating and analyzing the 
data, and drawing conclusions if pos- 
sible. The data collected by this com- 
mittee proved later to have tremendous 
value in permitting analytical and sta- 
tistically consistent approaches to 
some of the most important aspects of 
the problem. Another subcommittee 
had the function of predicting, as accu- 
rately as possible, the total amount of 
subsidence to be expected. The pres- 
sure maintenance subcommittee was to 
investigate the possibilities of gas in- 


Fig. 2. Concrete Steps Cracked 
by Subsidence 


Similar strains due to subsidence can 
destroy buildings and underground 
structures. 


jection and water flooding for obtain- 
ing secondary oil recovery and for ac- 
complishing subsidence remedial work, 
as well as to recommend an experi- 
mental program, if advisable. 


Committee Findings 


These subcommittees reached some 
very important conclusions. Their 
general predictions on the amount of 
subsidence were reasonably consistent 
with the more elaborate studies pre- 
pared since that time. Another signifi- 
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cant conclusion was that gas injection, 
alone, was impracticable as a means of 
arresting subsidence, but that intensive 
studies of the value of gas conserva- 
tion, gas injection, and water injection 
for the purpose of increasing the ulti- 
mate recovery of oil should be made. 
The conclusion that pressure mainte- 
nance by water injection appeared 
feasible as a means of increasing ulti- 
mate oil recovery and possibly retard- 
ing subsidence was tempered strongly 
with the note that unitization (opera- 
tion of a well field as a unit) was re- 
quired to make it effective; that there 
was no record of retarding subsidence ; 
and that laboratory and field studies 
should be undertaken before an actual 
program was initiated. 

Although many studies have been 
conducted by Long Beach, by corpora- 
tions, and by individuals, the joint ef- 
forts recommended by the committee, 
which might have resulted in early 
unitization and a secondary recovery 
program, were not then attainable. 
Unitization does not yet exist. Uniti- 
zation, water flooding, properly coordi- 
nated production and _ repressuring 
programs, and a high degree of co- 
operation among all interested groups 
are the only means by which this prob- 
lem can be lessened by subsurface 
work. In the meantime those respon- 
sible for surface installations must as- 
sume, upon the basis of past experi- 
ence, that most, if not all, of the pre- 
dicted surface effects will have to be 
offset. The remedial work obviously 
needed at the surface is a staggering 
burden which is being undertaken with 
dispatch. 

There is subsidence of 1-3 ft en- 
tirely outside the limits of the oil field. 
If the basic problem is due to draw- 
down of fluid and gas pressures within 
the oil-bearing areas, one must con- 
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clude that the outside fringe subsidence 
either is caused by a drawdown in 
pressure of the waters at the edge of 
the field to less than the original hy- 
drostatic pressure, or results from the 
fact that the overlying sediment is no 
longer supported within the oil zone, 
thus increasing the load on the elastic 
or plastic materials contiguous to the 
oil-bearing area. The drawdown in 
edge water pressure is the more logical 
cause. It takes little computation to 
illustrate that a pressure maintenance 
program must be gigantic in magnitude 
even to compare in effectiveness with 
the edge waters themselves over the 
tremendous areas of interfaces, be- 
tween water-bearing and oil-bearing 
sands. Yet, in the authors’ opinion, 
such a program must be carried out. 

One of the manifestations of subsi- 
dence, and, incidentally, the factor 
which fixes mathematically the average 
depth of the origins of compaction, is 
the horizontal movement that has taken 
place both on the surface and beneath 
it. In its early stages, horizontal sur- 
face movement was evident to no one 
except surveyors. They invariably 
found that their results were incon- 
sistent and that monuments within sev- 
eral thousand feet of the center of the 
bowl of subsidence tended to follow a 
constantly changing pattern of move- 
ment, though generally toward the cen- 
ter of the bowl. 

The first major study of the hori- 
zontal movement came out of an inten- 
sive and careful routine survey of the 
triangulation network which had been 
established years before in the south- 
ern part of Los Angeles County. 
When horizontal movements of 2-4 ft 
were determined by this resurvey, they 
constituted the essential additional ele- 
ment necessary for a reasonably suc- 
cessful theoretical study of the subsi- 
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dence phenomenon itself. It is obvious 
that fairly accurate data on both verti- 
cal and horizontal movements must be 
obtained to approach the matter satis- 
factorily, irrespective of whether esti- 
mates of the probable future subsidence 
and horizontal movements are’ deter- 
mined from structural analysis, from 
a graphical study, from a mathematical 
model or physical model, or from the 
simple procedure of extrapolating 
known past occurrences into the 
future. 


Remedies 


Remedial work, in one form or an- 
other, was commenced as early as 
1940, when a few structures built by 
the Long Beach harbor department 
near the ocean were arbitrarily con- 
structed several feet higher than they 
normally would have been. This was 
to allow for a minor change in eleva- 
tion of the earth’s surface. Some other 
agencies were influenced by the harbor 
department’s action. More active sur- 
face remedial work was initiated about 
1945, when it became evident for the 
first time that the magnitude of subsi- 
dence was going to be much greater 
than previously anticipated. 

All predictions contemplate that the 
deceleration in rate of subsidence, once 
such a decline becomes marked, will 
be fairly rapid. These forecasts antici- 
pate that it will require a number of 
years before subsidence is terminated. 
Principal differences in opinion con- 
cern the time required before cessation 
of subsidence and the total amount of 
subsidence. 

Every agency which owns property 
so located that it might be seriously 
affected at the surface is realistic in its 
planning and is now doing surface 
remedial work. This was slow at first, 
but is now rising to a large volume. 
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Action proceeds cautiously because of 
the expense and because estimation of 
future needs is difficult. 

The first and most noticeable surface 
remedial work usually occurs at the 
waterfront, many miles long. Whether 
the waterfront is occupied by vacant 
land, a shipping terminal, a bulkhead, 
a factory, or an oil field, the owner 
must prevent flooding at high tide in 
order to continue operation. Preven- 
tion takes the form of nearly every 
conceivable type of engineering con- 
struction work, including raising the 
height of wharves; their rehabilitation 
or complete replacement; increasing 
the height of bulkheads; construction 
of earth fills and dikes; and building 
of retaining walls. Such corrective 
measures are always handled in a man- 
ner which prevents the flooding of the 
more fortunately located lands to the 
rear. This, incidentally, protects a 
great deal of property which otherwise 
would long since have been seriously 
flooded. 

The land behind the waterfront is 
not immune from trouble. When it 
subsides to the point where the water 
table would normally be above the sur- 
face, there is a new host of engineering 
problems, involving disturbed founda- 
tions, disrupted utility structures, 
drainage, and pumping. 

The waterfront structures may be 
elevated to a height which will prevent 
future occurrence of flooding by high 
tides. This raising, however, requires 
a change in the form, elevation, and 
location of all the access facilities to 
the rear of the waterfront. Ingress 
and egress problems will inevitably 
result in the gradual raising of a large 
acreage of land near the waterfront 
properties. This land-raising opera- 
tion, while it appears to be a radical 
approach, has proved to be the logical 
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one in most instances, even though it 
necessitates the physical raising of im- 
portant structures, the placing of heavy 
and deep earth fills, and the complete 
reconstruction of utilities of all types. 
Such a remedial program permanently 
eliminates all ground water problems. 
It eliminates very serious drainage and 
foundation problems. It means that 
every utility which is salvaged, raised, 
and relocated so as to be adaptable to 
the new elevation will have been freed 
of stresses accumulated over the years. 
These stresses are a result of the hori- 
zontal movements incident to subsi- 
dence. The hazard of unexpected 
breaks in oil, gas, sewer, and water 
lines, of which there is a heavy net- 
work throughout the area, will be 
greatly lessened and comprehensive 
planning eased. 


Differential-Movement Stresses 


Horizontal surface movement re- 
sponsible for utility troubles is such 
that the differential movement near 
the center of the subsidence bowl re- 
sults in severe compression stresses. 
Near the perimeter of the bowl, there 
are important tensile stresses. At the 
point of inflection, or transition, there 
is a constantly changing stress condi- 
tion, with initial compression stresses 
being partly relieved as the subsidence 
bowl expands. 

Surface manifestations which re- 
quire remedial work are broken pipe- 
lines, disrupted sewer and storm drain 
lines, suddenly buckled or bent rail- 
road tracks, disturbances in pavements, 
and overstressed building units. It 
has been necessary to replumb, shorten, 
and jack up bridge structures, and to 
cut sections from building and wharf 
structures to relieve stress. It has 
been necessary to remove, raise, and 
replace bridges, as well as to “re- 
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design” a river. Such work is very 
extensive and varies with local condi- 
tions. Horizontal movements obvi- 
ously will be disturbing to surveyors, 
to land title companies, and to land- 
owners who are used to having land 
title descriptions fit the surveys. 
Horizontal movements of the earth’s 
surface in various affected areas take 
the form of direct shortening, direct 
lengthening, and changing from one 
direction of movement to another. As 
a result, undergound pipelines are seri- 
ously affected and there have been many 
breaks resulting in expense and incon- 
venience. Subsidence often changes 
ground water conditions. Localized 
differential settlements may be due to 
changes in soil characteristics and the 
different effects of ground waters upon 
these soils. Frictional stresses of the 
ground on rigid structures, either 


within or on the surface, rapidly ex- 
ceed the structural capacity of the ma- 


terial to withstand them. In the Long 
Beach harbor district, it is probable 
that most water lines must be aban- 
doned in place as land is filled. This 
is necessary to maintain services, and 
is certainly an unexpected expenditure 
for a water utility. 


Conclusion 


The subsidence problem at Long 
Beach has necessitated a great deal of 
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research into occurrences which may 
be taken for granted elsewhere. The 
authors are convinced that subsidence 
phenomena are prevalent in many 
areas where there is little awareness 
of it. The authors have yet to observe 
an older oil field where sufficient data 
will not show subsidence. Technical 
literature and available survey data 
provide a ponderous record of subsi- 
dence in water-producing areas which 
relates closely to water pressure 
drawdowns. 

The performance of sands, clays, 
and shales under changing conditions 
of water saturation and pressure is 
becoming well known through the sci- 
ence of soil mechanics. It is believed 
that the oil and other industries may, 
over the years, have attributed to other 
factors well and pipeline derangements 
properly attributable to subsidence. 

The experience at Long Beach dem- 
onstrates the importance of subsidence 
as a threat to utility structures and 
operations. The possible effects of 
this phenomenon and the attendant 
physical forces might well engage the 
attention of responsible management. 
Above all, it is desirable to learn as 
much as possible about subsurface con- 
ditions early in the process of subject- 
ing a three-dimensional underground 
mass to hitherto nonexistent forces. 


= 
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A cubic inch of Solid AQUA 
NUCHAR—activated carbon— 

has a surface area of 20,000 

square yards—that is, yards and 

yards of adsorptive quality! In ‘. 
addition, AQUA NUCHAR is specifi- 
cally manufactured in a degree of 
lightness that enables it to remain 
in suspension, thereby prolonging its 
purification work. INDUSTRIAL’S 


Technicians, as part of their regular 
services, and without obligating you, 
will run an odor survey of your plant to 
determine when and how AQUA NU- 
CHAR may be most efficiently applied 
in your present system. 


AQUA NUCHAR— activated carbon— 
8 the established product for achieving 
water which will be agreeable to the 
senses of taste and smell. INDUS- 
TRIAL’S Technical Service Department 
will work with you to determine how— 
with AQUA NUCHAR—-you may rapidly 
and efficiently obtain the most palat- 
able water. 


Contact INDUSTRIAL, now! 


Lincoln-Liberty Bidg. 2775 S. Moreland 
Brood & Chestnut Blvd. 
Phila. 7, Pa. Cleveland 20, Ohio 
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. +. at only a fraction of the cost of new meters 
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WITH 
TRIDENT 
you 
irs cow . and a proved economy .. . to keep 


your Trident water meters up to date. Pers made 
for modern Tridents, embodying every thoroughly 
tested advancement known to the science of meter- 
ing, are designed to fit into any Trident water 
meter of the same size and type . . . no matter 
how old. Every time you replace worn parts with 
genuine Trident parts, the meter’s ready for many 
more years of accurate service . . . at only a frac- 
tion of the cost of scrap-and-replace programs. 


EPTUNE METER COMPANY 
50th Street © New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Rood @ Toronto 14, Ontorio 


Bronch Offices in Principal 
American and Canadion Cities 


No need to keep complicated stocks of ports 
for many models. Just keep the latest Trident parts 
on hand. Reordering and stock control are simple, 
and your meters never become obsolete. Training 
service men is easy, too. Not only is the Trident 
extremely simple and virtually fool-proof, but also 
your service men need learn only one model. 

This 50-year policy of Trident is your best assur- 
ance that the meters you buy today will earn maxi- 
mum revenue for your utility . . . with lowest yearly 
costs . . . for many years to come. 
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Davy Jones’ locker is being looked 
to more and more as the storage place 
of man’s future. Not just the water 
works man’s future, either—though in 
many a drought-bound community his 
eagerness to get the bounding main 
into his own mains knows no bounds 
—but everyone’s future in increasing 
measure as the world’s population 
grows and its land resources are ex- 


hausted. Among other things, the sea 
is an inexhaustible source of chemicals 


and metals. From it we already ex- 
tract bromine and magnesium, and 
with 6,000,000 tons of magnesium in 
a cubic mile of sea water, it does look 
as though we shall never want for milk 
of magnesia. Considering the tons of 
gold, tons of iron, and relatively tre- 
mendous quantities of the rare metals 
to be found in that same cubic mile of 
ocean, we can almost overlook the 
mere 9 tons of uranium it also contains. 
After all, the sea offers us energy in a 
lot more available forms than that—in 
the motion of its waves, its surf, and 
its tides, as well as in the temperature 
difference between the waters of its 
surface and those of its depths. And 
now to cap its contributions, the sea 
seems to offer us the best prospect of 
feeding our future billions. Not just 
on Fridays either, with the kind of 


fish and sea food that now comprise a 
bony or gloppy | per cent of our total 
food supply, but every day and for- 
ever with a microscopic menu of appe- 
tizing algae. 

It is the Chlorellae—fastest growing 
of the one-celled algae—that have been 
selected by science as the soundest sub- 
stitute for meat and potatoes. Like 
most such organisms, in making excep- 
tionally efficient use of sunlight and in 
producing a minimum of inedible ma- 
terial, the Chlorellae lend themselves 
particularly well to being farmed. Not 
only can crops of 40 tons per acre per 
year be produced, but, by control of 
their environment, these algae can be 
made to yield almost any desired com- 
bination of protein and fat, their con- 
stituents ranging from 7 to 88 per cent 
protein, 6 to 38 per cent carbohydrate, 
and 1 to 75 per cent true fat. Sur- 
prisingly, not the nonfattening, but the 
nutritive, angle has received the great- 
est attention to date, first attempts to 
introduce the Chlorellae into our nor- 
mal diet having been made by two 
Japanese nutritionists who used them 
as enriching agents in French bread, 
noodles, ice cream, and Japanese-style 
green tea. How nourishing this pow- 
dered plankton turned out to be has 
not yet been revealed, but the organ- 


(Continued on page 36 P&R) 


36 P&R 


PERCOLATION AND RUNOFF 


Vol. 47,No.4 


(Continued from page 35 P&R) 


isms did, it is reported, produce “an 
agreeable light-green color,” which, if 
it doesn‘t revive the chlorophyll craze, 
may be found to serve some useful 
purpose in the French bread, anyway, 
as a camouflage for moldiness. 

Any water worker worth his salt 
ought to be able to put this new “look- 
sea” trend to his ownadvantage. Hav- 
ing waited so long for science to find a 
way to bring the cost of distilling sea 
water within reach of public water 
supply, he now ought to be able to 
bridge the gap himself with byprod- 
ucts. After all, if he can’t make up 
the present differential of a dollar per 
million gallons by straining a few meals 
out of the raw water and by selling 
dregs just loaded with bromine, mag- 
nesium, iron, gold, uranium, and even 
praseodymium, maybe he ought to for- 


get the fresh water and enrich himself. 
Who’s thirsty anyhow? 


Home disharmony as the cause of 
dental caries in children is a new the- 
ory advanced in a recent issue of the 
British Dental Journal. In support of 
the hypothesis, the dentist who pre- 
sented it cited statistics proving that 
children’s dental troubles are “exactly 
in proportion to the degree of appre- 
hension” caused in a child by spats, 
tiffs, and sundry altercations between 
his parents. Actually, of course, our 
British friend somehow managed to 
invert his conclusion. Obviously, it is 
dental caries in children which cause 
home disharmony. We could hardly 
need more proof of this than the rapid 
decrease in the US divorce rate since 
1946, when the effects of the first 
fluoridation programs began to make 
themselves felt in improved dental 
health for children. Those reverse 
English! 


Daniel N. Fischel, who joined the 
JourNnaL staff in 1946 and has been 
managing editor since 1947, has re- 
signed to become editor of the Book 
Dept. of F. W. Dodge Corp., New 
York. He will continue as unpaid con- 
sultant on the JourNAL filing system, 
with the title of Dowser & Interpreter 
of Obsolescent Memoranda. And, of 
course, he is expected to remain an 
Editor Anonymous in good standing. 


Civil service status of chemists em- 
ployed by New York State was the 
subject of a hearing held before the 
State Dept. of Civil Service on Feb. 15. 
Representing AWWA, F. W. Gilcreas, 
assistant director of the Div. of Labs. 
and Research, State Dept. of Health, 
made the following statement : 


The American Water Works Assn. in- 
cludes among its more than 10,000 mem- 
bers a large number of chemists, most of 
whom are employed in governmental posi- 
tions, and the balance in industry. Thus, 
the Association is much concerned with 
any action the Dept. of Civil Service of 
the State of New York takes in relation 
to the status and classification of salary 
grades of chemists, particularly of sani- 
tary chemists. Any action New York 
State initiates will obviously have great 
influence in other areas in which the 
members of this Association are inter- 
ested. The American Water Works 
Assn. is very definitely of the opinion 
that chemists are professional workers 
and that their status and pay should be 
commensurate with their qualifications 
and their duties, and that these qualifica- 
tions and duties are equal to those of cor- 
responding engineering positions. The 
existing discrimination in salary grades 
in New York State against chemists, 
especially sanitary chemists, as compared 
with engineers, particularly sanitary en- 
gineers, causes much concern to the As- 
sociation. The American Water Works 
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Vacuum Pressure Pump Hydrosol Standard Plastic (Disposable) 
Cat. XX 60 000 00 Filter Holder with Sterilization Petri Dishes 
Base and Cover (Box of 10) 
Cat. XX 20 047 00 


MILLIPORE FILTERS 


In the analysis of © Bacterial Contaminants 
Total Counts Coliforms Soil Organisms 


ACCURACY — The MF® has been described as the equivalent of six (6) 
5-tube MPN’s.* 

SENSITIVITY — The isolation and identification of specific pathogens by 
the MF is often possible when other methods fail. f 


RELIABILITY — Reproducible results occur time after time. Standard de- 
viation less than half that of MPN. ome ce 


LESS COSTLY — The reduction in cost per test permits wider and more 
frequent monitoring of water supplies for corrective action. 


MORE RAPID — Total counts in as little as four (4) hours; confirmed tests 
in sixteen hours versus three to four days with other methods. 


SIMPLE TO USE — Routine analyses require no extensive training in op- 
eration or in interpretation of results. 


A comprehensive summary of literature in many new techniques and a com- 
plete line of accessory equipment are available from the laboratories of the 


MILLIPORE FILTER CORPORATION 
Watertown 72, Mass., U. S. A. 


“Woodward, 1952, EHC Activity Report 11:13 Jan.-Mar. 
tCollet, Johnston, Ey, Croft, 1953 J. Amer. Public Health Assn. 43:1438-40 November. 
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Assn. urges that every consideration be 
given to the reclassification of chemists’ 
titles in order that their status in New 
York State may be the same as that of 
persons in other technical disciplines, par- 
ticularly sanitary engineers, with whom 
sanitary chemists must work in close co- 
operation. 


Cast-iron stomachs can now be ce- 
ment lined through a process developed 
by scientists of Winthrop-Stearns, Inc., 
Rensselaer, N.Y. Actually, the proc- 
ess was developed as a means of coat- 
ing rather than lining, the cement be- 
ing applied to the outside of tablets 
containing medicines strong enough to 
injure the lining of the mouth. By the 
use of a coating capable of withstand- 
ing pressures up to 33 psi, it is as- 
sured that the tablets will be swallowed 
rather than chewed. The lining then 


forms as the coatings are shed in the 
stomach, which just must be cast iron 
to be able to take what the mouth can’t. 

All this, of course, is quite a blow 
to the water works field, for normal 
pills are taken “with a glass of water,” 
but cement, neat. 


Charles A. Fisher has been ap- 
pointed plant manager of the May- 
wood, Ind., plant of Reilly Tar & 
Chemical Corp. 


Norman W. Rowand, general man- 
ager of the Pittsburgh Div., Rockwell 
Mfg. Co., has been appointed assistant 
to the vice-president. He is succeeded 
by Paul A. Mankin, division chief en- 
gineer. Arthur W. Krause, assistant 
general manager, has been made factory 
manager. 
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brings you 
the answers 


By transmitting and receiving information 
over a simple two-wire circuit, Builders 
CHRONOFLO TELEMETERS produce im- 
portant economies for water and sewage 
plants. 

(1) Chronoflo saves time—gives immedi- 
ate indications of changes in flow, total 
flow, pressure, temperature, level. 

(2) Chronoflo saves steps — brings 
information to a central control panel. 
(3) Chronoflo reduces personnel respon- 
sibilities — saves on-location supervision 
of distant pumping stations, etc. 

(4) Chronoflo is tested and approved — 
by th ds of i 


Chronoflo is one of the many Builders systems for modern plant oper- 
ation. Write for Bulletin 230-H4. Builders-Providence, Inc., 365 Harris 


DIVISION OF B-I-F 


Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


INDUSTRIES, 


SVUILOERS RON FOUNDRY © PROPORTIONE ERS, INC. © OMEGA MACHINE CO, f 


INC. move 8 


Pressure ? 
Level ? 
Total 
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STEEL PIPE solves headroom problem as 
Newark modernizes vital water control station 


In Newark, the Bloomfield Avenue 
Tower is the vital terminal for 
five of the City’s six main feeder 
lines. Modernization at the Tower 
called for critical selection of new 
pipe for maximum strength and 
flow in minimum headroom. 


The problem was solved with 1650 
ft of 48-in., 450 ft of 36-in. and 
30 ft of 60-in. Alco Electric Welded 
Steel Pipe. Through it will surge 
more than 85 million gallons of 
water per day. 
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Furnished in diameters from 20 to 
120 in. and lengths to 40 ft, Alco 
Electric Welded Steel Pipe is speci- 
fied the country over for its 
engineered strength, efficiency, 
economy and long life. 


Use it in your installation, be it 
large or small, special or standard. 
Your Alco Products sales repre- 
sentative will be glad to give you 
complete technical data—plus ex- 
pert help on your own special 
problems. 


CITY OF NEWARK uses strong, efficient Alco Electric Welded Steel Pipe 


in 36, 48 and 60-in. diameters and special 
vital Bloomfield Tower control station. 


Remember these Key features 
of Alco Steel Pipe: 


STRONG « EFFICIENT « ECONOMICAL 


sections (shown 


ALCO 


AMERICAN LOCOMOTIVE COMPANY 
Sales and Service Offices 
in Principal Cities 


ve) at 
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Caterpillar Tractor Co. is now of regular civil service employees to the 


marketing a line of ten mobile and skid- 
mounted diesel electric generating units, 
with a power range of 18-300 kw. 
These are offered in standard packages, 
with optional features available. 


A new steel safety floor armor has 
been developed by the Klemp Metal 
Grating Corp., Chicago. The #@-in. x 
16-gage hexagonal steel mesh (“Hex- 
teel”), filled with hot or cold mastic, 
can be used on new or existing con- 
crete or wood flooring. 


No more gravy from New York 
City hydrants was the word from Wa- 
ter Commissioner Arthur Ford’s office 
last December, announcing the end of 
30 years of political patronage for dis- 
trict leaders. With the appointment 


job of fire hydrant inspector, the de- 
partment also instituted a policy of 
requiring payment of the inspection 
fees in advance and to the department, 
where previously they had been col- 
lected and kept as their remuneration 
by the political appointees. Inasmuch 
as inspections are required daily when- 
ever contractors use city water in their 
operations, the gravy in the most ac- 
tive areas of the city was found to have 
totaled as high as $13,655 per year. 
More affluent than effluent. 


D. T. Bixby has been named sales 
manager of the Standard Products Div. 
of the De Laval Steam Turbine Co., 
with headquarters in Trenton, N.J. 
Mr. Bixby was formerly with the com- 
pany’s Seattle, Wash., office. 
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SUPPLIES 


~WSDARLEY 


WRITE TODAY 
For 
100 PAGE CATALOG 
W.S. DARLEY & CO. Chicago 12 


For Organic Iron and Color 
Removal—Algae Control — 
Regeneration of Iron Removal 
Filters — 


POTASSIUM 
PERMANGANATE 


Supplied to industry and mu- 
nicipalities in various grades 
and meshes to fit the particu- 
lar operation, efficiently and 
economically in combating 
many water problems. 


WRITE FOR QUOTATIONS 


CARUS CHEMICAL COMPANY 


Box JAW LaSalle, Ulinois 
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“CENTURY” PIPE 


is made of asbestos fiber and portland 
cement—two practically indestructible 


materials. Its extreme durability 
means extra long life. Highly resistant 
to soil corrosion, immune to 
tuberculation, and electrolysis, it 
assures maintenance-free service 

and consistently lower pumping costs. 


More and more cost and tax-conscious 
communities are turning to 
“CENTURY” Pipe. We will gladly 
furnish information about its 
advantages. Write today for booklet 
“Mains Without Maintenance.” 


QUALITIES THAT MAKE “CENTURY” PIPE 
ECONOMICAL, TROUBLE-FREE, LONG-LIVED 


. NON-TUBERCULATING 

. NON-CORROSIVE 

. EXCEPTIONALLY STRONG 
. DURABLE 

. IMMUNE TO ELECTROLYSIS 
. TIGHT JOINTS 

-. SMOOTH BORE 

. EASILY, QUICKLY LAID 

. UGHT WEIGHT 

. LOW COST 


co O WH 


“Century” Be A.W.W.A, AS.T.M. and Federal Specifications 
for asbestos-cement pressure pipe. 


KEASBEY & MATTISON company «+ AMBLER PENNSYLVANIA 


Noture mode asbestos... Keasbey & Mottison hos mode it serve mankind since 1873 
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The highwaymen, with whom 
AWWA has been struggling on the 
question of liability for the cost of mov- 
ing utility structures to accommodate 
highway relocations, managed to sneak 
in a couple surprise punches during the 
past month. First of these was at 
New Rochelle, N.Y., where the water 
company itself was forced to move, its 
own office building being scheduled for 
destruction to make way for a new 
“super expressway.” The other was 
at Grassy Point, N.Y., where, in the 
process of completing a new bridge, 
the contractors moved the town’s water 
mains from their regular bed, under the 
creek being bridged, to an exposed 
position under the structure. With 
the temperature at five below, the wa- 
ter froze solid, leaving the town com- 
pletely dry and, thus, helpless to pre- 


ELEVATED TANKS 


For almost a century Cole elevated tanks 
have been helping provide uniform wa- 
ter pressure, fire protection and adequate 
water reserve in scores of American cities, 


Capacities 5,000 to 2,000,000 gallons— 
with hemispherical, ellipsoidal or conical 
bottoms. Also flat-bottom tanks for stand- 
pipe storage. Correctly built in accord- 


ance with AWWA specifications. 


We invite your inquiries, 
State capacity, height to bottom, 
and location. 


MANUFACTURING CO. 
NEWNAN, GA. 


vent the total destruction of its 100- 
year-old inn, when it caught fire at 
three in the morning. These, of 
course, are quite beside the highway 
relocation point, but they do sort of 
rub it in. 


Ross Engineering of Chicago has 
been appointed representative for 
Hungerford & Terry in northern II- 
linois, eastern Iowa, and northwestern 
Indiana. 


David M. McIntosh has been 
elected executive vice-president of the 
Chapman Valve Mfg. Co., Indian 
Orchard, Mass. He retains his posi- 
tion as vice-president in charge of 
production, while Frank A. Hunter 
has been appointed vice-president in 
charge of sales. 
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General Filter? 


There are many reasons why municipalities 
and industries have installed General Filter 
water treating plants: 


INSTALLATION SUPERVISION ... General Filter “job- 
engineers” each installation to the consulting engineer's 
specification . . . supervises the installation and trains the 
personne! who will work with the equipment. 
OPERATIONAL DEPENDABILITY... 
0 trated all of its efforts toward 
. Their efforts have produced 
d equipment that are completely 
dependable. 
ENGINEERING KNOW-HOW ...G : . the only real test of economy is 
eral Filter's design and construction engi- test. General Filter plants stand up over the 
neers are familiar with the problems in- yeors providing “better water” with minimum maintenance, 
volved in water treatment. “ longer trouble-free, smoother operation. 


Find out why you should 


General Filter... Write General Filter Company 


detailed information regarding your AMES, IOWA 
water treatment problems. 


“yours for better water treatment” 


AERATORS « FILTERS « TASTE AND ODOR + ALKALINITY CONTROL + HIGH CAPACITY 
RESINOUS ZEOUTE + IRON RUST REMOVAL + DEMINERALIZATION - SOFTENERS 
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Rutgers University announces the 
availability of research fellowships in 
its Dept. of Sanitation. The one-year 
grants are open to residents of the 
United States and Canada with the 
requisite education and training to be 
acceptable for graduate study. Fur- 
ther information and application forms 
may be obtained from: Dr. Harold E. 
Orford, Chairman, Dept. of Sanitation, 
Towers Bldg., Rutgers University, 
New Brunswick, N.J. 


The moonshine’s blight in our old 
Virginny home seems to be the same 
as water’s. Drought, that is! Thus, 
last year’s drydom made happy hunt- 
ing for Virginia’s revenue agents, who 
reported finding a large number of 
moonshine stills abandoned in dry 


creek beds for lack of water to operate 
them. All of which may prove that 
Virginia’s drought was worse than that 
in Georgia, where, throughout the des- 
iccation, the Anti-Moonshine League 
Inc. found it necessary to continue 
advertising its rewards to taxpayers 
for volunteering information on the 
location of stills and moonshine spirits 
(the kind that blind, not haunt). In 
the South, it seems, the more rain, the 
more moonshine. 


P. H. Beauvais, city manager of 
Allegan, Mich., was hailed recently by 
the International City Managers’ Assn. 
as the only active city manager with 
more than 25 years of service. His 
managerial activities began in Manis- 
tee, Mich., in 1918. 


(Continued on page 46 P&R) 


data file 
on 
treating 
raw and 
waste 
waters with 


Activated 


Silica Sols 


@ Request on your plant stationery, 
useful bulletins and reprints dis- 
cussing the advantages of activated 


PHILADELPHIA QUARTZ COMPANY 
1142 Public Ledger Bldg. 
Philadelphia 6, Pa. 

PQ® SOLUBLE SILICATES 


silica sols as coagulating aids, how 
to prepare these sols, information 
on the N-Sol Patented Processes. 


m N-SOL® PROCESSES... 
for preparing activated silica sols 
from N® silicate are licensed with- 
out royalty. 
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rT) LESS OPERATING TORQUE! New, 
non-binding upper and lower "O" 
rings trap lubricant . . . assure posi- 
tive watertight seol . require no 
servicing. 
POP-OFF SLEEVE COUPLING re- 
leases hydrant head from stem in 
event of traffic damage. 
#) GROUND LINE FLANGE eliminates 
digging. 
90,000 TENSILE STRENGTH Rolled 
Everdur threaded stem section com- 
pletely eliminates stem failure. 


@ NO FLOODING. Closed hydrant 


remains locked — even in event of 


traffic accident. 

NO FREEZING. Positive drip 
at extreme bottom, assures com- 
plete drainage. 6) 


Mechanical Joint End 


LUDLOW VALVE 


1861 .MFG-CO- - TROY 
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This 4,000-lb capacity fork truck, controlled by a single lever, is being 
introduced by the Colson Corp., Elyria, Ohio, manufacturers of material- 


handling equipment. 


The truck unit is 29 in. wide and 30 in. long, with 


fork lengths of 32-60 in. available. 


C. R. Ford is the new sales manager 
of the Pittsburgh-Des Moines Steel 
Co. Eastern Dist., at Newark, N.J. 
J. S. Marriott has been appointed man- 
ager of structural sales for the Midwest 
Div., at Des Moines, Iowa. 


Evapoproofing of reservoirs by the 
spreading of monomolecular layers of 
sperm whale oil is now being investi- 
gated in more than 40 different locali- 
ties in Australia. Results indicate that 
the oil—cetyl alcohol—which spreads 
thin enough so that a pound will cover 
an acre, reduces evaporation by about 
30 per cent at a cost of approximately 


1¢ per 1,000 gal saved. Just what the 
whale does with this valuable stuff 
we’re not at all certain, but since we’ve 
never noticed anything particularly 
perfumy about a whale, either, we’re 
content not to inquire as long as we 
are assured that the oil is not detri- 
mental to either the taste or the safety 
of the supply. Certainly if the present 
investigations prove the present claims, 
those who can’t cover should cetaceate ! 


A mixed-bed demineralizer unit, 
Model R-M-8, has been developed by 
the Penfield Mfg. Co., Meriden, Conn. 


Usable either as a monobed or two- 


(Continued on page 48 P&R) 
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America’s Largest Standpipe 
(CAPACITY 7,268,000 GALLONS) 


for South Pittsburgh Water Company 


by PITTSBURGH 
-DES MOINES 


This huge water storage unit evidences typical Pittsburgh-Des Moines 
fine workmanship in shop fabrication and field erection. Measuring 116 
feet in diameter, with a water depth of 95 feet and total capacity of 
7,268,000 gallons, the South Pittsburgh Water Company giant is the 
largest standpipe-type storage tank built in America to date. * Let us 
quote on your water storage needs. 


PITTSBURGH - DES MOINES STEEL ‘Ce. 


‘Plants ot PITTSOURGH, BES MONIES and SANTA CLARA 


NEWARK (2), . 221 Industrial Office Bidg. 
CHICAGO (3), 1228 First National Bank Bidg. SEATILE....... .. . 532 Lane Street 
ANGELES (48), . , 6399 Wilshire Bivd. SANTA CLARA, CAL. 
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bed system, the unit can produce up to 
10 gph of demineralized water with as 
little as 10 grains of sodium chloride 
(expressed as CaCO,). Regeneration 
is said to be simple, fast, and eco- 
nomical, 


Badger Meter Mfg. Co. of Mil- 
waukee has announced the opening of 
a new $600,000 foundry at Fall River, 
Wis. The plant will produce about 
400,000 Ib of brass castings (for liquid 
meters) monthly, and is capable of 
expansion. 


The Portland Cement Assn. has 
announced several appointments as dis- 
trict engineer: Thomas D. Shiels, 
Austin, Tex.; Harold G. Garner, Kan- 
sas City, Mo.; and Kenneth B. Lucas, 
Omaha, Neb. 


That oil and water don’t mix must 
be explained by the fact that they travel 
around in different—well—pipelines. 
Just how different ought to be obvious 
enough from the fact that 24 miles of 
30-in. line was laid in only 4 weeks 
for the Panhandle Eastern Pipe Line 
Co. in Kansas, using a new pipelaying 
machine developed specifically for the 
purpose by the Caterpillar Tractor Co. 
But even such speed is hardly worth 
the mention compared with that of the 
Service Pipe Line Co., which put in 
an oil line between Fort Laramie, 
Wyo., and Freeman, Mo., last fall— 
625 miles of 20-, 22-, and 24-in. pipe 
in just 61 days. 

Gas line, fortunately, has been a 
little less jet propelled. Fortunately, 
at any rate, for the town of Nashville, 
Ark., which ran completely dry last 


(Continued on page 50 P&R) 


Depend on Cyanamid’s ALUM 
for § good reasons 


It feeds uniformly, without trouble, in solid or liquid form. 
. It has a wide pH range for effective coagulation. 


. It forms floc rapidly. 

. It gives maximum adsorption of 

. It causes minimum corrosion of 
It is available in granular form 


suspended and colloidal impurities. 
feeding equipment. 
or in the new easy-to-use liquid form. 


For a copy of ‘‘Alum—Commercial Aluminum Sulfate, ’’ please send us your name and 


title on company stationery — and would 


you also mention where you saw this offer? 


AMERICAN Ganamid COMPANY 


co) 


Heavy Chemicals Department 
30 Rockefeller Plaza, New York 20, N. Y. 


Conade: North American Cyonamid Limited, Toronto & Montreal 
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for Small 
Communities 


Typical “ACCELAPAK” Installation 


ACCELAPAK Packaged Plants 


(Trade Mark) 


for Complete Water Treatment 


Here is the answer to the water needs of small communities, 
camps and resorts, estates and industrial plants—the 
“ACCELAPAK” treating plant— producing the best water 
obtainable with a minimum of operating supervision 
and at the lowest cost. 
Designed for capacities as low as 15 g.p.m., operation of 
this plant is simplicity itself with “once a day” charging 
of chemical feeders and electric interlecks to start 
and stop the plant from float switch in the clearwell. 
Write for illustrated literature, or ask your 
consulting engineer. eavipment for oll 


types of woter and 
INFILCO INC. 


waste procening — 
$25 S. Campbell Ave., Tucson, Arizona 
Field offices in principal cities in North America ‘6% 


exchenge ond 
biological treatment 
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August after 100 days of severe 
drought during which it pumped dry 
every puddle, pond, and stream in the 
vicinity, and then was saved by the 
2-week loan of a 9-mile stretch of the 
still uncompleted gas line running from 
Nashville to neighboring Murfrees- 
boro. By authorization of Murfrees- 
boro officials and the community- 
minded cooperation of the Arkarsas 
Louisiana Gas Co., which donated its 
equipment and time to making the 
quick change, the 9-mile stretch of line 
between Nashville and the Little Mis- 
souri River was equipped with the 
necessary pumps and connections and 
put to work carrying 175 gpm back 
into Nashville’s reservoir. Not just a 
transfusion, but a borrowed artery as 
well. And if 72 hours of around-the- 
clock activity to get a 9-mile stretch 
of already installed line hooked up and 
working sounds a little sluggish oil- 
wise, the water was certainly worth 
the wait. 


A recording device marketed by the 


Heat-Timer Corp., New York, uses 


chronologically marked tape to provide 
a continuous operation record of any 
electrically operated machine or proc- 


ess (see cut). In addition, a “total- 
izer” shows the total time in opera- 
tion. The device is priced at $55. 


George S. Lee has been appointed 
superintendent of the water works at 
Cedar Rapids, Iowa. Mr. Lee came 
to Cedar Rapids as chemist-bacteriolo- 
gist in June 1954. He replaces H. F. 
Blomquist, who had come out of re- 
tirement to act as superintendent. 


Rudolph E. Thompson has been 
named director of purification and sew- 
age treatment laboratories at Toronto, 
Ont., a position left vacant by the re- 
tirement of Norman J. Howard. Mr. 
Thompson’s advancement is the Jour- 
NAL’s loss, as his new duties will pre- 
vent him from contributing to its “Con- 
densation” section, of which he has 
long been a mainstay. 


Ellis S. Tisdale has been appointed 
director of the Interstate Commission 
on the Potomac River Basin, effective 
Jul. 1, 1955, the date of his retirement 
as sanitary engineer director of the 
US Public Health Service. On Mar. 
1, Mr. Tisdale was transferred from 
his post as regional engineer at At- 
lanta, Ga., to Washington headquarters 
to assist in an interagency project for 
establishing a roster of sanitary engi- 
neering manpower resources in the 
United States. Howard Chapman, 
formerly head of the Interstate Carrier 
Program, USPHS, Washington, re- 
places Mr. Tisdale at Atlanta. 


Mush was what Willing Water said 
when he was invited up to Anchorage, 
Alaska, to host the “First Alaska Wa- 
ter Works Operators School,” spon- 
sored jointly by the Univ. of Alaska, 
the Alaska Dept. of Health, and the 
Arctic Health Research Center. Gush 
was what Willing Water did on Feb. 2 
at the end of 24 days of sessions which 
gave the latest word on all aspects of 


(Continued on page 52 P&R) 
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Butterfly Sluice Valves 


Save space... 
Fast, easy operation . . . 
Save installation costs 


. Drop tight! 


No ‘double head room" 
needed, The 90° rotation of the 
valve disc takes place entirely with- 
in the valve body ... no additional 
head room is needed. Henry Pratt 
Butterfly Sluice Valves are the 
answer to the problem of valving 
a large flow in a minimum space. 


Fast, easy operation. Even the 
largest of these valves can be 
opened or closed by one man in a 
few minutes. 


Full 90° closure into Rubber 
Seat. The disc is slightly larger 
than the inside of the rubber seat 
and thus actually displaces the rub- 
ber when closed. The ratio of seat 
thickness to disc indentation insures 
drop-tight shut off and avoids 
permanent set. The sects are 
secured in the valve body by 
removable keeper segments. 
Simple, low cost installation. 
The entire valve is installed in one 
piece. There are no guide-ways to 
set, and thus there is no possibility 
for subsequent warpage to pre- 
vent tight shut-off. 


Send for informative booklet 
“Understanding the Butterfly Valve” Bulletin 28 


RUBBER SEAT 


HENRY 


Henry Pratt Company, 2222 S. Halsted St., Chicago &, Ill. Representatives in principal cities 
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water works operation to the more 
than 100 who attended and received 
school certificates. What flabbergasted 
Willie more than anything else was 
the number who attended, educating 
him to the fact that his blubber and 
ice picture of this part of AWWA’s 
Pacific-Northwest Section was just a 
little archaic. Mushy is the word for 
Willie now in talking about Alaska 
and Amos Alter and the Anchorage 
agenda. 


Arthur E. Williamson, formerly di- 
rector of the Div. of Munic. Eng., 
North Dakota Dept. of Health, has 
been named director of the Div. of 
Environmental Sanitation, Wyoming 
Dept. of Public Health, a position left 
vacant by the death of Leonard O. 
Williams. 


Stephen D. Moxley, former execu- 
tive vice-president, has been named 
president of the American Cast Iron 
Pipe Co., Birmingham, Ala., succeed- 
ing Charles O. Hodges, who is retir- 
ing after 38 years of service. Others 
who have assumed top posts are: Ar- 
nold J. Hermann, who becomes vice- 
president and sales manager; Frank 
H. Coupland, vice-president and works 
manager; Kenneth R. Daniel, vice- 
president and chief engineer; and A. 
E. Bowen, treasurer. 


Leigh W. Morrill, formerly with 
the New Jersey Dept. of Health, has 
been named water superintendent and 
borough engineer for Essex Fells, N.J., 
replacing E. Arthur Bell, who left to 
become chief engineer for the Stam- 


ford (Conn.) Water Co. 


(Continued on page 86 P&R) 


Willing Water's all set 


for the 


DIAMOND JIM CARNIVAL 


Tuesday, June 14, at 


AWWA’s 75th Annual Conference 


Conrad Hilton Hotel, Chicago 


How about You? 
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RAINS 
MAGNIFY 


TURBIDITY 


PROBLEMS 


Ferric salts have proven their ability to 
coagulate waters of widely varying 
turbidity. Spring rains increase turbid- 
ity for those who must treat surface 
supplies. The use of Ferri-Floc will 
simplify the treatment of this high tur- 
bidity. Ferri-Floc is partially hydrated 
Ferric Sulphate that has the ability to 
convert these high turbidities without 
radical dosage changes. 


Performance is Proot— 


A large filtration plant Superin- 
tendent has this to say: 


For coagulation of high turbidity 
with a high PH we have found Ferric 
Sulphate to be superior in all cases and 

_ we would not hesitate to recommend it. 


Drop us a card for your 
copy of this booklet that 
contains valuable infor- 
mation for you. 


TENNESSEE 


617-629 Grant Building, Atlanta, Ga. 
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Electrical ‘“‘Hawkshaw” 


Detecting “holidays” is the task of this 
electrical inspection apparatus. In the 
new 56-inch Bull Run water pipeline 
for Portland, Ore., less than one holiday 
for every hundred feet of pipe was 
found—an almost perfect job. 


Nine thousand gallons of Barrett 
waterworks primer, 2300 tons of Bar- 
rett waterworks enamel and 2,300,000 
sq. ft. of Barrett tarred asbestos felt 
protect the Portland pipeline inside 
and out. 


Barrett Waterworks Enamel is easy 
to apply and provides long-lasting 
protection for costly pipes. This su 
rior coating is of the Righest quality 
and meets all A.W.W.A. standards. To 
assure longer service for your pipe, 
at a minimum cost, specify Barrett. 


Visit us at booth 38 
AWWA Convention 
Chicago, June 12 to 17 


It offers 10 definite advantages: 

e Rigid quality control e Prevents 
tuberculation and incrustation of in- 
terior pipe surfaces e Effectively pro- 
tects external pipe surfaces against 
corrosion e High dielectric properties 
e Impermeable to moisture, non-ab- 
sorptive, non-porous e High ductility 
and flexibility, high resistance to soil 
stresses e Unusual tenacity e Effective 
under all kinds of climatic conditions 
and topography « Quick service e Wide 
availability 


BARRETT DIVISION, Allied Chemical & 
Dye Corp., 40 Rector St., New York : 


6, N. Y. In Canada: The Barrett Com- 
pany, Ltd., 5561 St. Hubert St., Montreal 


BARRETT PROTECTIVE COATINGS 


OVER 100 YEARS OF EXPERIENCE 
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Professional Seruices 


J 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 

COMPLETE ENGINEERING SERVICE 
Including Design and Supervision of Construction 
Water, Sewage and Industrial Wastes Problems 

Airfields, Refuse Incinerators, Dams 

ew Plants, Flood ( ~w Industrial Buildings 

City Planning, Report s and Rates 

y For C hembeal Analyses 


121 South Broad St. Philadelphia 7, Pa. 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 


ANALYSIS—-TREATMENT— 
CONTROL— RESEARCH 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


-BOGERT and CHILDS 


Consulting Engineers 
Cumwton L. Boozrt Frep 8. 
Ivan L. ERT M. Drrmars 
Rosert A. Lincotw Cuar tes A. MANGANARO 
Martin 


Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


624 Madison Avenue, New York 22, N. Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
Louis E. Ayres Rosert Norris 
Georee E. Lewis Donatp C. May 
Sruart B. Mayrnarp Homer J. Havwarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Ill. 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


= ame 


Bowe, Albertson & Associates 
Engineers 


Water and Sewage Works 
Industrial Wastes Refuse 
Disposal —Municipal Projects 
Airfields——Industrial Buildings 
Reports Estimates 
Valuations Service 


110 William St. New York 38, N.Y. 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water— Industrial Waste 


Consultation — Design 
Chemical and Bacteriological Laboratories 


Sewage 


Operation 


66 Mint Street San Francisco 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Disrosar— 
Hypraviic DeveLorments 


Reports, Investigations, Valuations, Rates, 
Design, C vonatruction, Operation, Manage- 
ment, Ch | and Biological Laboratories 


112 B. 19th Se., New York 3, N. Y. 
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Professional Services 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Pifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuations—Rates— Management 
Laboratory—City Planning 


210 BE. Park Way 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 

Kansas City 13, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 E. 9th Se. 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial Buildings 


220 W. LaSalle Ave. South Bend, Indiana 
Central 4-0127 


AMES M. CAIRD 
J Established 1898 
C. E. Curron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply —Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 

Light & Power Plants—Appraisals 


351 E. Ohio St. Chicago 11 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton E. M. Pierce 

P. B. Streander G. A. Gieseke 
lL. J. Silverstone 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


P. O. Box 198 132 Nassau Street 
Hyde Park 36, Mass. New York 38, N.Y. 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 


Water Works, Sewage Disposal, Airports, 
Dams and Bridges, Roads and Streets, 
Planning, Design and Surveys. 


Dillsburg, Pa. 
Rochester, N. Y. Dallas, Texas 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Bridges —-Subways 
cal Transportation 
Investigations — Reports —Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 
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FAY, SPOFFORD & THORNDIKE 


Engineers 
John Ayer Ralph W. Horne 
Bion A. Bowman William L. Hyland 
Carroll A. Farwell Frank L. Lincoln 


Howard J. Williams 
Water Supply and Distribution — Drainage — Sewerage 
and Sewage Treatment — Airports — Bridges —Turnpikes 
Investigations Reports Designs Valuations 
Supervision of Construction 
New York 


FINKBEINER, PETTIS & STROUT 


Carveron 8. Finkserver Cuarves E. Perris 
K. 


Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


+ 


GILBERT ASSOCIATES, INC. 


Engineers « Consultants « Constructors 
607 Washington St., Reading, Pa. 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 

New York Philadelphia 
Washington Cleveland, Ohio 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 C and I Life Bidg. 
Houston 2, Texas 


CH-1624 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Supervision of Construction 
and Operation 


1001 North Front St., Harrisburg, Pa. 


FROMHERZ ENGINEERS 


Structural— Civil—Sanitary 
Four Generations Since 1867 
Water Supply ; Sewerage; Structures; 
Drainage; Foundations 


Investigations; Reports; Plans and 
Specifications; Supervision 


New Orleans 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 

Water Works—Sewe 
Industrial Wastes—CGarbage Disposal 
Roads—Airports—Brid ges— Flood Control 
Town Planning— Appraisals 
Investigations & Reports 
Harrisburg, i Iphia, 
Pittsburgh, Po. Daytona Beach, Fis. 


WILLIAM F. GUYTON 


Consulting Ground-Water Hydrologist 


Underground Water Supplies 


Investigations, Reports, Advice 


307 W. 12th St. Austin 1, Texas 


Tel. 7-7165 


GET YOUR COPY NOW! 


A list of AWWA books, manuals, standards, 
and other publications may be had for the 
asking. Is your library complete? 
American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 
Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 
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HAVENS & EMERSON 


W. L. Havens C. A. Emenson 
A. A. Buroer F. W. Jonrs 
H. H. Moserey J. W. Avery 
F. 8. Patoceay E. 8. Onpway 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 


Wastes, Valuations——Laboratories 
Leader Bidg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


HAZEN AND SAWYER 
Engineers 
Avrrep W. Sawrenr 


Works 
ontrol 


Ricuarp Hazen 
Water Supply and Sew 
Drainage and Flood 


Reports, Design, Supervision of 
‘onstruction and Operation 
Appraisals and ter 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuargp R. Kennepy Roserr M. Kennepy 
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Water Supply Water Purification 


Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 
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ANGUS D. HENDERSON 


Consulting Engineer 


Water Supply and Sanitation 
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330 Winthrop St. 
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HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner V. C. Liseher 
H. Shifrin E. E. Bloss 


Water Supply —Airporte—Hydraulic Engineer- 


ing - Sewerage —Sewage Treatment — Munici- 
pal Engineering—— Reports 
Shell Building St. Louis 3, Mo. 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 
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KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 


ROBERT W. HUNT CO. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 
of Origin of Pumps, Tanks, 
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175 W. Jackson Bivd. 
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LEGGETTE & BRASHEARS 
Consulting Ground Water Geologists 


Salt Water Problems 
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New York 17, N. Y. 
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Dewatering 
Recharging 
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Sewers & Sewage Treatment 
Reports —Design -Construction 
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METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
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Airfields Valuations 
Laboratory 


Statler Building 
Boston 16 
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THE H. C. NUTTING COMPANY 
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Investigations — Reports 


Water — Sewage 
Soils — Foundations — Building Materiats 
Inspection — Testing 
4120 Airport Rd. Cincinnati 26, Ohio 
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LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification ; Sewerage & Sew- 
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Construction & Operation 
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36 De Grasse St. Paterson 1, N. J. 


PACIFIC ENGINEERING 
LABORATORY 


Chemical and Biological Laboratory 
Analyses and Investigations 


604 Mission St. San Francisco 5 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 


Analyses 
369 B. 149th Se. New York 55, N.Y. 
MOn Haven 5-2424 
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PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
Industrial Waste Problems. 


~ Power — Transportation 
New York 6, N.Y. 


Structures 


51 Broadway 


RIPPLE & HOWE 
Consulting Engineers 
O. J. V. A. Vaseen B. V. Howe 
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Design —Supervision 
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Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
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MALCOLM PIRNIE ENGINEERS 
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25 W. 43rd St. New York 36, N. Y. 


NICHOLAS A. ROSE 
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THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
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RUSSELL & AXON 
Consulting Engineers 
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Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
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Professional Seruices 


SPECIFICATIONS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 
Send for list of publications. 


521 Fifth Avenue New York 17, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage — Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 


Lexington, Kentucky 
Office 
901 Hoffman Building Louisville, Kentucky 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 
Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 


Complete Engineering Services editors 
JACKSONVILLE, FLORIDA 89 Broad St. Basten, Dflase. 
STANLEY ENGINEERING WHITMAN, REQUARDT 


COMPANY 


Waterworks —Sewerage 
Drainage—Flood Control 
Airports—Electric Power 
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Engineers Consultants 
Civil—Sanitary—Structural 
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Reports, Plans 
Supervision, Appraisals 


Muscatine, Ia. 1304 St. Paul St. Baltimore 2, Md. 
ALDEN E. STILSON & ASSOCIATES WILLING WATER 
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Consulting Engineers 


Water Supply Sewerage —-Waste Disposal 
Bridges —Highways—Industrial Buildings 
Studies—Surveys — Reports 
209 S. High Se. Columbus, Ohio 


Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 
Send for catalog and price liat 
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UELLER 


DRILLING MACHINES 


---have broad application 
Install control valves...connect branch mains... 
perform a wide variety of other water works opera- 
tions...under pressure...makes cuts 2” through 12’ in 
any type pipe...25” boring bar travel...working pres- 
sures to 500 p.s.i...working temperatures to 550° F 
used with Mueller Inserting Valves, Tapping 
Sleeves and Valves, Gate Valves and special fittings 


Drilling 


---are easier to operate Machine 


Positive automatic feed for drilling... hand feed for 
rapid advance and withdrawal... hand or power 
operated...air or gasoline engine power units.. 
feed indicator standard equipment... stuffing box 
adjustment during cutting. 


will last longer 

All working parts completely enclosed in tight, oil J 
filled case... perfect lubrication ...free from dirt 
telescopic construction for compactness, strengthy 
and rigidity... special design prevents line pressuré 
from entering gear case... ball thrust bearings re 7 
duce friction and wear... Fully Warranted. 


Consult your Mueller Representative, your Mueller W-96 
Water Works Catalog or write direct for full details. _— 


Dependable Simce 


OFFICE BTACTORY OECATUR, 


Drilling 
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| 
: 
| 
4 
FF | 
co. 


CONDENSATION 


Condensation 


Vol. 47, No.4 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May 47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; I1M—lInstitute of Metals (Great Britain); PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


POLLUTION CONTROL 


Water Pollution Research, 1953. Report 
of the Water Pollution Research Board. 
British Dept. of Scientific and Industrial 
Research, London, Eng. (53). 62 pp. Ke- 
moval of radioisotopes during normal treat- 
ment of domestic water supplies. Discusses 
work on removal of fission products, stron- 
tium 89 and 90, ruthenium 106, and cerium 
144. Most work was concerned with radio- 
strontium, as this is one of most dangerous 
possible contaminants of water supplies. 
Determination of dissolved oxygen. Sug- 


gestion is made that error caused by use 
of starch as indicator can best be eliminated 
by using amperometric method to indicate 


endpoint in titration. Industrial waste 
waters. Treatment of metal cyanides in per- 
colating filters is discussed and found prac- 
ticable. Waste waters from kiering of cot- 
ton, even though strongly alkaline, could be 
digested anaerobically after partial neutrali- 
zation with carbon dioxide. Effluents from 
silage were found to be strongly pollutional. 
Treatment by biological filtration of sewage 
containing gas liquor was continued _at 
Stivichall and Finham, with encouraging 
results. Treatment of effluents containing 
radioactive substances by activated-sludge 
process was found not likely to be so satis- 
factory as existing chemical methods of 
removal. Partial removal might occur, but 
not complete. Photographic wastes contain- 
ing silver compounds may be treated by 
electrolysis for recovery of silver. Spent 
solutions from fixing prints can then be 
reused after addition of fresh thiosulfate. 
Spent developer cannot be reused. Effects 
of polluting substances on fishery were 
studied on Colne R. and estimates of coarse 
fish population made. Toxicity of ammonia 
and gammexene was also investigated and 
evaluated. Survival of bacteria in polluted 
stream below effluent discharge of Maple 
Cross Works of Colne Valley Sewerage 


Board was explored. Marked decrease 
was noted. Principal topic considered was 
survey of Thames estuary, and statistical 
examination of records. Oxygen sag is 
indicated. Oxygenation of estuary has de- 
clined since ’35. Photosynthesis is noted as 
flow approaches mouth of river. Tem- 
perature of estuary is affected chiefly by 
discharge of cooling water from electrical 
generating stations. Rate of oxidation of 
polluting matter is discussed from laboratory 
standpoint. Nitrification in estuary water 
occurs, involving large quantities of oxygen. 
Bottom deposits are important, even though 
Port of London Authority dredges out of 
estuary and dock systems 3,000,000 tons of 
mud (wet weight) annually and deposits it 
at sea. Attempt was made to measure in 
laboratory oxygen demand of some bottom 
deposits, which checked fairly closely with 
field determinations. Absorption of oxygen 
from air was studied on small scale in field. 
Whereas photosynthesis is very active at 
seaward end of estuary, it proved difficult 
to estimate its effect on oxygenation of 
Thames water. Field observations show 
high DO content when 35 mi or more below 
London Bridge. Reduction of sulfate to 
sulfide is suspected and was demonstrated 
in laboratory tests on mud removed from 
river. Distribution of suspended solids was 
checked by field observation. Distribution 
of fecal bacteria was examined, counts for 
Str. faecalis being consistently lower than 
for Esch. coli. Complaint of corrosion of 
ship propellers in estuary water was in- 
vestigated, and it is surmised to be due to 
presence of sulfide—PHEA 


The Total Number of Bacteria and the 
Rate of Oxygen Utilization in Waters of 
Various Degrees of Pollution. G. G. Vin- 
BERG & M. S. Lomonosova. Microbiol. 
(USSR), 22:294 (’53). Study was made 
of water from Svislotch R. at different points 
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SHENANGO VALLEY WATER COMPANY 
converts six filters to ALOXITE” underdrains 


The Shenango Valley Water Company started operation in 1884 with five 
miles of mains serving 600 customers and 80 fire hydrants. Today, its 140 
miles of mains deliver an average of 7 MGD to 14,000 homes, businesses 
and institutions in the Sharon-Shenango Valley region of Pennsylvania. 

The company’s eight filters have a capacity of 8 MGD. Its first ALOXITE 
aluminum oxide porous underdrain was installed in 1952. Since then, five 
more filters have been similarly modernized — the sixth set of ALOXITE 
plates is about to go into service. 

This continuing program of filter modernization speaks well for the 
operating advantages provided by filters built with ALOXITE underdrains: 
elimination of upset beds . . . complete back- 
washing .. . freedom from mudballs . . . mini- 
mum loss of head. 

It is easy to see why the Shenango Valley 
Water Company has been able to keep so 
well abreast of the growing water needs of 
the area it has served so long. The company's 
management and engineering staff deserve 
much credit for their progressive policy. 


CAR B oO R U he D U M This informative 56-page book- 


. Mark let covers perous media for all 
fields of filtration and diffusion. 
Dept. 045, Refractories Division, Write us for your free copy 


The Carborundum Company, Perth Amboy, N. J. today. 
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in its course through town of Minsk, USSR, 
to determine relation between degree of pol- 
lution and numbers of bacteria. Samples of 
water examined were unpolluted, slightly 
polluted, and heavily polluted. Numbers of 
bacteria in samples were determined by 
direct counting. It was found that there 
was direct relation between BOD of water 
and total number of bacteria, but in winter 
total number was considerably less than in 
summer for same BOD value. From deter- 
mination of rate of uptake of oxygen in 
samples of water stored in bottles, amount 
of oxygen used by individual bacterial cells 
was calculated. Results obtained for pol- 
luted and unpolluted water were found to be 
similar, During period of rapid multiplica- 
tion of bacteria, uptake of oxygen per bac- 
terium was about 0.5 x 10° mg in 24 hr at 
20°C, and during subsequent period, when 
bacteria were not multiplying, an:ou.t of 
oxygen utilized by single cell in 24 hr at 
20°C ranged from 0.05 x 10° mg to 0.15 
x 10° mg—WPA 


Polluting Character of Silage Effluent. 
E. E. Jones & J. C. Murpocw. Wtr. & 
Sanitary Engr. (Br.), 5:54 (Jul.-Aug. ’54). 
That silage effluent would cause serious pol- 
lution if discharged directly to watercourse 
has been shown by experiments carried out 
at National Institute for Research in Dairy- 
ing (England) in harvest seasons of ’52 and 
53. Observations taken on effluent from 
meadow fescue-timothy grass in covered 
brick tower silos showed avg BOD of 
54,590 ppm, this effluent being about 220 
times as polluting as average settled domestic 
sewage (BOD 250 ppm). Effluent from 
chopped grass was more acidic and con- 
tained more organic matter than unchopped 
grass, and was discharged more quickly. 
When silage has dry-matter content of 30% 
or greater, little or no seepage takes place; 
this level can be reached by allowing crop 
to wilt in field for 6-12 hr after cutting. 
Pit and clamp silos, which discharge ef- 
fluent directly to ground, are subject to 
leaching of nutrients and production of more 
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Type SM with Worm Gear 
Drive on R-S Butterfly Valve. 


Send for latest catalog 
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Limitorgue’ 


By REMOTE CONTROL 


From coast to coast, hundreds of LimiTorque 
Controls are in service in water works and sew- 
age disposal plants for automatic or push-button 
operation of valves up to 120 inch diameter. 
Why is acceptance so widespread? 
LimiTorque Operators are designed to provide 
dependable, safe and sure valve actuation at 
all times. 

LimiTorque is self-contained and is applicable 
to all makes of valves. 
source may be used to actuate the operator: 
Electricity, water, air, oil, gas, etc. 

A feature of LimiTorque is the torque limit 
switch which controls the closing thrust on the 
valve stem and prevents damage to valve oper- 
ating parts. 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 
New York 

Houston + 


VALVE OPERATORS 


Because 


Any available power 


Pittsburgh * 
Lynchburg, Va. 
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(Brinemaker not available on West Coast) 


The Morton Model-E Brinemaker 
delivers up to 800 gallons of satu- 
rated brine per hour... the only 
one that needs no space-wasting 
storage tank. 

The Morton Model-E Brinemaker 
also makes it possible to expand 
your brine installation with a mini- 
mum of added expense. The tre- 
mendous brine-producing capacity 
may well cover increased needs 
without the added expense of in- 
stalling more units. 

You put money in your pocket 
when you put a Morton Brine- 
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GALLONS OF BRINE PER HOUR 


300 
290 
200 
100 
ol 
TANK DIAMETERS TANE DIAMETERS TANK Diamerer 
BRAND K BRAND Y MORTON 
SALT DISSOLVER SALT DISSOLVER MODEL-E 


Comparative Performance: Morton and Competitive 
Sait Dissolvers 


Save money 
with a Morton 
Modei-E 

Brinemaker! 


maker in your plant, because you 
save man hours by pumping in- 
stead of hauling salt to the areas 
where it is needed. 


Look how much more brine 
the Morton Model-E gives 


Competitive rock salt dissolvers 
have less than one-half the capac- 
ity even when they’re twice as large. 

The Morton Model-E is the only 
brinemaker specially designed to 
produce brine from readily avail- 
able, high purity, Morton evapo- 
rated salt; and you get a continual 
supply of clean, high-quality, sat- 
urated brine. No time or man hours 
are lost in cleaning out sludge and 
other impurities when you use the 
Model-E. 

For more information about the 
Model-E and other Morton Brine- 
makers, or for expert, on-the-spot 
help with any brinemaking prob- 
lem, write: 


MORTON SALT 


Company 
industrial Division, Dept. JA-4, 
120 South La Salle Street, Chicago 3, Illinois 
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effluent by action of rain water; roofing of 
silos is recommended. Only practicable way 
of disposing of effluent is controlled drainage 
to surrounding ground —PHEA 


The Ecology of Alamitos Bay, California, 
With Special Reference to Pollution. D. 
J. Retsn « H. A. Winter. Calif. Fish & 
Game, 40:105 (Apr. '54). In extensive 
pollution survey of local waters near San 
Diego, Calif., it was found that no conditions 
seriously affecting fish and aquatic life exist 
in Alamitos Bay, although lumps of asphalt 
were observed at one station, near oil fields ; 
strong sulfide odor characterized 2 stations 
on tributary arm; and strong sulfide odor 
was noted at station near storm sewer out- 
fall and above tidal gates. No sludge beds 
were found in Alamitos Bay, and there was 
no evidence of seepage of pollutants from 
San Gabriel R. into Alamitos Bay. Sub- 
stratum of bay supports rich and varied 
fauna, knowledge of which should be of 
particular value in comparing this region 
with other Southern California harbors and 
bays that are affected by domestic and in- 
dustrial waste discharges ——S/W 


Analysis of a Stream’s Capacity for As- 
similating Pollution. M. A. CHurcHit. 
Sew Ind. Wastes, 26:887 ('54)). Ultimate 
purpose of all stream sanitation activities is 
to establish and maintain reasonable and 
economic balance between man’s many uses 
of streams which do not lower water qual- 
ity, and his use of streams for waste dis- 
posal, One prerequisite for establishing this 
balance is determination of stream’s ca- 
pacity for absorbing pollution. This paper 
presents method for determining quantita- 
tive relationship between organic waste loads 
put into stream and resulting DO depletion. 
Among advantages of method are that 
neither time of water travel nor long-term 
BOD determinations are required. Its use 
enables relatively small staff, operating on 
small budget, to evaluate pollution-assimila- 
tive capacity of many streams in short 
period. Statistical procedures employed to 
evaluate dependability of relationship de- 
veloped are given in detail in appendix. 
Example of method, as applied to specific 
stream section, is given. For each sampling 
station, calculation is made of relationship 
existing between decrease in DO concen- 
tration (DO drop) and BOD load per cubic 
foot of stream flow (ppm BOD times con- 


stant). All calculated values for this rela- 
tionship at each station are plotted. True 
relationship is approximated by method of 
least squares. Lines are also drawn to 
represent 95% confidence limits of true re- 
lationship. Using these and other cal- 
culated data, and taking into account such 
factors as normal BOD load of river if 
pollution in question were not added, normal 
increase in flow in downstream sections, 
organic bottom material, and progressive 
reduction in BOD load due to natural puri- 
fication processes, graphs are drawn of DO 
profiles for normal BOD load and various 
stream flows and for reduced BOD loads 
and minimum stream flows——PHEA 


There’s No Water Pollution Here. A. D. 
McRae. Oil & Gas J., 53:103 (Jul. 12, ’54). 
Describes procedure at Sarnia, Ont., refinery 
of Imperial Oil, Ltd., to remove contaminants 
before discharge into St. Clair R. (interna- 
tional boundary), on which refinery is lo- 
cated. Contaminants are removed at source 
wherever possible, and biological oxidation 
is employed to remove residual phenolic ma- 
terial and other reducing compounds. Spent 
caustic soda and sour condensates are neu- 
tralized by flue gas and overhead material 
burned as fuel. Recovered petroleum acids 
are either burned or sold to chemical com- 
panies as basis for plastics or organic chemi- 
cals. Solid material collected is dewatered 
and de-oiled by centrifuges, oil recovered, 
and solids burned in multihearth furnace. 
Wherever possible, lines have been put in 
trenches or elevated above ground, to reveal 
leaks. Circular separators are used instead 
of rectangular. Emulsions are broken down. 
Neutralization by flue gases is practiced (8 
diagrams show procedures followed). Bio- 
logical oxidation handles 0.5 mgd of pheno- 
lic material. Disposal plant is designed 
to handle 900 bbi/day of wastes from 
tank and oil separator bottoms, and emul- 
sions from separators and slop tanks. Two 
3,000-bbl cone-bottom tanks collect various 
pumpable wastes, containing free oil, water- 
in-oil emulsions, silt, fine carbon, and 80% 
water. Primary centrifuge handles material 
which cannot be pumped, removing 95% of 
solids containing 19% oil and 15-40% 
water. Secondary centrifuge handles filtrate 
from primary centrifuge. Value of oil re- 
covered in 1 yr will more than pay for 
centrifuges. Dewatering and de-oiling of 
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EASY TURNING 


A. W. W.A. STANDARD 


Wiis Curb and 
Corporation Stops are made with built-in 
quality . . . designed to give permanent 
top performance. Extra heavy wall struc- 
ture means many added years of under- 
ground service—and they're precision 
machined with each plug accurately ground 
into its own valve body for easy turning. 
Each stop is tested individually under 
pressure before shipment. All of them 


conform to the standards of the American 
Water Works Association and can be in- 
serted by any standard tapping machine. 

Welsbach-Kitson craftsmanship means 
long life and faithful performance... . 
and you will get the real satisfaction that 
only precision manufacture and premium 
quality materials can give. Insist on 
Welsbach-Kitson when you order water 
service bronze. 


THE WELSBACH CORPORATION 


KITSON VALVE 


DIVISION 


Westmoreland & Stokley Sts. * Philadelphia 29, Pa. 
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sludge are of value in planning disposal of 
refinery wastes to keep down size of in- 
cinerator. Objectives are to keep phenolic 
content below avg of 2 ppb and max. of 5 
ppb in water, following initial dilution. Ap- 
parently, if plant effluents contain less than 
20 ppb of phenols, these conditions can be 
met. pH of effluent is to be maintained be- 
tween 5.5 and 10.5, and nonvolatile oil con- 
tent should not exceed 15 ppb—PHEA 


Pollution Control. A Symposium. Oil & 
Gas J., 53:110 (Aug. 16, 54). L Refinery 
Waste—Stream Survey. A. P. Dennis Jr. 
This article is based on survey made for 
Bayway Refinery of Esso Standard Oil Co. 
in northern New Jersey, discharging into 
Arthur Kill, tidal adjunct of New York 
Harbor. II. Oil and Sludge Removal at 
Skelly’s El Dorado Plant. W. L. Purcet. 
& T. W. Fercuson. Refinery primary waste- 
treating facilities, consisting of oil and sludge 
removal equipment, constitute process sepa- 
rate and distinct from secondary waste- 
treating facilities, which remove undesirable 
solutes from waste water. Authors describe 
in detail procedure recently adopted at re- 
finery of Skelly Oil Co. at El Dorado, Kan., 
in which wastes were segregated. Current 
refinery waste water effluent averages about 
1,500 gpm (not including sanitary sewage). 
This is subject to oil removal and secondary 
treatment. Capacity of oil-water separator 
was set at 15,000 gpm. Waste water with 
sludge from water-softening processes is 
drained to sludge pits, which hold 34 
months’ supply. Batch emulsion-breaking 
process is operated with heat and demulsi- 
fying agents. III. Chemical Flocculation 
of Refinery Waste. R. F. Weston « R. G. 
Merman. Atlantic Refining Co. operates 


10,000-gpd chemical flocculation waste treat- 
ment plant at its Philadelphia refinery. This 
reduces effluent oil content below 30 ppm. 
Basic treatment includes oil separation, 
chemical flocculation, sludge dewatering, and 
sludge incineration. Waste water passes 
through oil separator to neutralization and 
flocculating facilities and then to Schuylkill 
R. Wastes are neutralized by adding slaked- 
lime slurry and boiler feedwater treatment 
sludge. Aluminum chloride and alum may 
be added as coagulants, and activated silica, 
clay, and lime slurry may be used as coagu- 
lant aids. Sludge produced is concentrated 
and pumped to vacuum filters. Cake is in- 
cinerated. This type of plant requires about 
3 acres and may cost, exclusive of land, 
from $2,500,000 to $5,000,000 (’53 basis). 
Problems of operation and results obtained 
are given, together with flow diagram.— 
PHEA 


Toxicity of Combinations of Certain In- 
organic Compounds to Daphnia magna 
L. FreeMAn & I. Fowrer. Sew. Ind. Wastes, 
25:1191 (’53). Standard reference water 
was substituted for lake or stream water in 
culturing and testing with Daphnia magna. 
Tests were conducted on 5 inorg. Na salts: 
bisulfite, carbonate, chromate, silicate, and 
sulfate. Toxicity thresholds were detd. for 
these salts individually, in combinations of 
2, and in combinations of 3. Results indi- 
cate that thresholds are lowest for com- 
binations of 3 and highest for individual 
compd.—CA 


Effects of Chemical Compounds on the 
Survival of Centrarchid Fish. A. W. 
Anperson. Texas J. Sci. 5:449 (’53). 
Study of 7 wastes from oil fields and chem. 
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Filter 
SANDS 


Quartz 
Flint 


Filter 
GRAVELS 


WESTERN MATERIALS COMPANY 


39 SOUTH LA SALLE STREET - CHICAGO 3, ILLINOIS 


TELEPHONES: STate 2-546! 
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a summer problem 
will be no problem 
ote Cll im ! 


If last summer’s peak demands created low pressure problems 
in your water distribution system call National for a free survey 
on how water main cleaning will uprate your system. 

You'll find as have other leading communities that National 
cleaning is an investment—not an expense. National cleaning 
is so effective that restoration of at least 95% of the original 
capacity of your mains is guaranteed! 

Charges are modest with little if any interruption to service. 
So, for compliments instead of complaints why not call 
National right now? 


WATER MAIN CLEANING COMPANY 


50 Church Street + New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street * MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 


RICO; Luis F. Caratini, Apartado 2184. 
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industry on 5 representative species of cen- 
trarchid fish (bass and sunfish) from Texas 
waters. Tests were of 2 types: with cir- 
culating and noncirculating test solns. In 
first type, to det. wide toxicity limits, two 
mature individuals of similar size were ac- 
climatized 24 hr in 35-1 jars of clean water 
closely approximating original river water, 
at DO satn. and 20°-22°. Concn. of compds. 
was increased every 40 min up to min. 
lethal dose (MLD) for each species, with 
test soln. circulated from one jar to an- 
other. In second type, to narrow down 
MLD detns., 4 fishes per jar were ac- 
climatized as above. Various dilns. of non- 
circulating soln. were then added. Chemi- 
cals tested, of technical grade, were: baroid 
drilling clay, baroid drilling mud, Na tetra- 
phosphate, NasH.P.O:, of low toxicity; 
NaOH, white lime, and oil well cement, 
highly toxic. Circulating tests showed 
higher MLD than noncirculating ones in all 
cases; 3,000-6,000 against 2,500-4,000 ppm, 
resp., for low toxic compds., 50-200 against 


80-600 ppm, resp., for highly toxic ones. 
This suggests greater reliability of non- 
circulating tests due to methods of proce- 
dure. Species survival time test with 3,000 
ppm of each compd. showed higher resistance 
of black bass (Huro salmoides) and war 
mouth bass (Chaenobryttus coronaris) than 
of sunfish (Lepomis); bass survived 1.5-6 
times longer than sunfish. Little difference 
in survival time occurred between sunfish 
species. —C A 


Current Practice in the Treatment of Oil 
Wastes. K. Casumore. Munic. Util. 
(Can.), 92:6:32 (Jun. ’54). In general, all 
waste water should be passed through sepa- 
rators. Emulsions must be excluded. Meceth- 
ods for breaking latter include heating to 
about 180°F, with or without pH adjustment, 
and flocculation, e.g., with Fe:(SO.)s and 
lime. Latter will reduce oil content to 2 
ppm or less. Spent caustic may be neu- 
tralized with spent H:SO, or flue gas, the 
gases evolved being burned. Treatments for 
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BELL JOINT 
LEAK CLAMPS 


GASKET SEALER 
COMPOUND 
C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 
compression of rubber gasket. 


Write for information 


H. ¥. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 


6 Reasons why 


PALMER SURFACE 


WASH SYSTEMS 
are specified by 


water works engineers 


Prevent Sand Beds From Cracking. 
Eliminate Mud Balls. 

. Seve Wash Woter. 

. Lengthen Filter Runs. 

. Higher Rates of Filtration. 

. Better Tasting Woter. 


Write today for Bulletin 451 ond a list of water 
purification plonts thet hove gone modern. 


SA ite TRY 
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12 by 12 List 340 Check Valve, Manchester, N. H. 


Rensselaer 
CHECK VALVES 
Clearway - Quiet Closing-Non-Slam 


Heavy slams can cause damages of explosive proportions. 
Modest slams may throw piping out of alignment and cause Increasing type with 
serious leakages. flange ends 
The Rensselaer non-slamming check valve illustrated is low 
cost permanent insurance against slamming. It is a clearway 
valve with the gate normally completely out of the line of 
flow. Head losses are low. 
As the velocity at the pump discharge decreases on pump 
shut down, the lever arm and adjustable spring force the 
gate toward its seat. At the instant of zero velocity, the gate 
is on its seat and slamming has been entirely eliminated. 
Rensselaer non-slamming check valves are made in sizes up 
to 30 by 30 inches. Standard check valves up to 60 inches 
for locations where slamming is not anticipated. High pres- 
sure valves up to 400 Ibs. W.P. and 24”. Ask for Catalog , 
No. E. 1068 High pressure check valve 


Rensselaer vatve co. 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 


& 
(| N.Y. 
E VALVES « FIRE HYDRANTS + SQUARE BOTTOM VALVES «© CHECK VALVES ¢, AIR RELE 
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phenolic wastes include biol. oxidation, Os, 
Cl, and ClO. Biol. oxidation on trickling 
filters is cheapest, cultures of required bac- 
teria being obtained from raw water or 
cultivated soil. Addition of N and P may 
be necessary —R. E. Thompson 


Surface and Underground Disposal of 
Chemical Wastes at Victoria, Texas. H. 
O. Henker. Sew. Ind. Wastes, 25:1044 
('53). Article describes waste disposal at 
du Pont chemical plant. Dilute aqueous 
solutions are disposed of by solar evapora- 
tion. Concentrated aqueous solutions are 
currently lagooned, but studies have been 
conducted on pretreatment of sodium chlo- 
ride brine so that it may be discharged into 
underground sands at 4,800’. Cooling and 
storm water is held and tested before dis- 
charge to river. Organic liquids are in- 
cinerated, as well as waste gases. Organic 
solids and trash are disposed of in burning 
pit. Imhoff tank and lagoon are used to 
treat sanitary wastes. Vegetation, shrimp 
and oyster population, and biological river 
surveys are integral part of treatment pro- 
gram.—PHEA 


AQUATIC ORGANISMS 


Effects of Nitrogenous Compounds on 
Stream Conditions. N. G. Fiaicc & G. W. 
Rem. Sew. Ind. Wastes, 26:1145 ('54). 
There was no significant difference in use 
of inorganic forms of nitrogen by plankton 
in typical streams having moderate amounts 
of pollution containing fertilizer elements. 
Therefore, attempts to control growth of 
algae in streams receiving sewage effluents 
by regulation of degree of oxidation are 
likely to be unsuccessful. Higher concen- 
trations of nitrogen appear to accelerate 
growth of algae as long as concentrations 
are not toxic to organisms. This means 
that organisms may be concentrated in 
shorter length of stream, when large amounts 
of nitrogen are present. For this reason, 
high concentrations of nitrogen may be more 
damaging than low concentrations. Nitrite 
form of nitrogen, which appears less efficient 
as fertilizer in higher concentrations, may 
easily change into ammoniacal or nitrate 
form, and become more readily available for 
plant use. Proteins decompose and become 
available for plant food if, indeed, they are 
not already available in their organic forms. 


This delay may account for lack of algal 
blooms when wastes are not highly nitrified. 
Further study should be made of this pos- 
sibility—-PHEA 


Toxic Fresh-Water Algae. W. M. In- 
GRAM & G. W. Prescorr. Am. Midland 
Naturalist, 52:75 (Jul. 54). Outbreaks of 
human gastroenteritis have not been posi- 
tively traced to algae. Algae that have been 
responsible for mammalian, avarian, and 
fish deaths through some toxic action are 
all to be found in blue-green algal group, 
Cyanophyta. Cyanophyta species that have 
been associated with animal deaths belong 
in genera: Microcystis, Aphanizomenon, 
Anabaena, Nodularia, Coclosphaerium, and 
Gloeotrichia. Often when deaths of animals 
occur, wind has been reported blowing, thus 
tending to concentrate algae in lee shore 
areas. Cattle that drink only small quan- 
tities of water containing Microcystis may 
not die but do show series of illness symp- 
toms, one of which is drop in milk yield. 
Symptomatic treatment has been recom- 
mended by Steyn ('45) for cattle poisoned 
by algae. Various writers have made ref- 
erence to several toxic substances associated 
with blue-green algae. Substances that are 
toxic enough to cause illness or death in 
animals are not present in all blue-green 
algae. Water in which certain blue-green 
algae have bloomed may produce death in 
mammals and fish when algal cells them- 
selves are excluded. Toxic material from 
certain algae may survive laboratory equiva- 
lent of water treatment, using alum coagula- 
tion, filtration, and chlorination. It may 
survive activated-carbon treatment in amounts 
corresponding to that used in water treat- 
ment plants.—PHEA 


Control of Blue-Green Algae Blooms 
With 2,3-Dichloronaphthoquinone. G. P. 
FitzceraLp & F. Sxooc. Sew. & Ind. Wastes, 
26 :1136 ('54). Large-scale test of effective- 
ness of 2,3-dichloronaphthoquinone (2,3- 
CNQ) in controlling excessive growths of 
blue-green algae has been carried out on 
Spaulding’s Pond, Wis. This 27-acre highly 
fertile lake normally supports continuous 
bloom of algae during summer months. 
Spray applications of 2,3-CNQ suspensions 
to give overall concentrations from 30 to 55 
ppb in lake clumped and effectively killed 
even heavy growths of blue-green species. 
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TIGHT te JOINTS? 
YOU BET! 


Getting tight joints is simple —USE STEEL PIPE. Steel 

water pipe assures bottle-tight joints for the life of the line. 
When you hove steel-tight joints, there is 

no need to over-design water pipe lines to take care 

of costly needless water waste. 


Tight joints cost less to begin with—and actually 
save you money through the years. It's another good reason 
why you're so smart to specify steel pipe. 


“WHEREVER WATER FLOWS-STEEL PIPES IT BEST” 


STEEL PLATE FABRICATORS 
ASSOCIATION 


79 W. MONROE ST., CHICAGO 3G, ILL. 


— 
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Chemical treatment had no observable harm- 
ful effects on green algae, higher aquatic 
plants, fish, or zooplankton. In event of 
rapid recurrence of growth of blue-green 
algae, repeated applications are necessary. 
Lasting effect of treatments, however, may 
be indirectly increased by vigorous growth 
of green algae and higher aquatics following 
suppression of blue-greens—PHEA 


Practical Method for Control of Algae 
and Water Weed. A. F. Bartscu. Pub. 
Health Rpts., 69:749 (Aug. '54). Important 
item in field of water conservation is con- 
trol of aquatic plants. In addition to in- 
suring availability of water for recreation, 
fishery management, navigation and other 
purposes, control of algae and weeds is often 
necessary for potability. It is possible that 
cultivated algae may be useful as source of 
energy-bearing food. Possibility of using 
algae as raw material for synthetic chemi- 
cals also exists. On other hand, excessive 
algae may cause damage in number of ways, 
including detrimental effects on filters, tastes 


(Continued 


FOR REPAIRING 
BROKEN MAINS 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA, U.S.A 


and odors, depletion of oxygen, and animal 
poisoning through toxic action. Control 
measures include use of chemicals such as 
copper sulfate in shallow water reservoirs. 
Primary tests on 2,3-dichloronapthoquinone 
indicate that it may have much promise. 
Physical control of water weeds is being 
accomplished by both mechanical and non- 
mechanical methods. Breaking, use of 
chains, cables, use of underwater saws, and 
similar methods were tried with variable 
success. Chemicals such as 2,4-D and 2,4,5-T 
have also been useful—PHEA 


Animal Parasites in Sewage and Irriga- 
tion Water. W. L. Wane « S. G. Dun- 
Lop. Sew. Ind. Wastes, 26:1020 (’54). In- 
vestigation was made to determine efficiency 
of primary sewage treatment plus chlorina- 
tion, as practiced in Denver sewage disposal 
plant, for removal of animal parasites. Re- 
sults indicated that about 20% of Ascaris 
ova and 46% of End. coli cysts found in 
raw sewage were still present in final ef- 
fluent. MPN of coliform organisms and 
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Switch to 
ANTHRAFILT— 
the MODERN 


All-Purpose Filtering Medium 


Anthrafilt Offers Many 
Advantages Over Sand and Quartz 


@ DOUBLES length of filter runs. 
@ REQUIRES only half as much wash water. 
@ KEEPS Filters in service over longer periods. 


@ INCREASES Filter output with better quality 
effluent. 


@ GIVES better support to synthetic resins. 


@ PROVIDES better removal of fibrous materials, 
bacteria, micro-organic matter, taste, odor, 
etc. 


@ IDEAL for industrial acid and alkaline solutions. 
@ EFFECTIVE {filtration from entire bed. 
@ LESS coating, caking or balling with mud, lime, 


, OF manganese. 
Write for further information, 
test ples and tions to: 


PALMER FILTER EQUIPMENT CO. 
P.0. Box 1696—822 E. 8th St., Erie, Pa. 
Representing: 
ANTHRACITE EQUIPMENT CORP. 
Anthracite institute Bidg., Wilkes-Barre, Pa. 


| 
{{ | 
| 
iron 
Seal Split Coupling Clamp. One man 
: can install in 5 te 15 minutes. Gash 
sure. A lasting repair. 2°-24* i 
today for new catalog. |_| 
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WATCH DOG 


ON GUARD 24 HOURS A DAY 


Profits in water service today are measured in 
pennies. Worthington-Gamon WATCH DOG 
Water Meters guard your profits three vital ways: 

Accuracy. . . provides precise measurement 

of water. 

Simplicity. . . of design makes for ease of 

repair. 

Durability . . when you invest in WATCH 

DOG Meters, you are assured of long life 

equipment. 

The majority of large U.S. cities are using 
WATCH DOG Meters. Write today for de- 
tailed information, concerning your specific re- 
quirements. Representatives and offices in all 
principal cities. 


WORTHINGTON-GAMON METER DIVISION 
WORTHINGTON CORPORATION 
296 SOUTH STREET, NEWARK 5, NEW JERSEY 


“The sign of value around the world” 
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enterococci, however, showed removal of 
more than 99% by this sewage treatment. 
When effluent joined with South Platte R. 
and flow reached Gardeners’ irrigation ditch, 
number of Ascaris ova and End. coli cysts 
was found to be reduced considerably. 
Average incidence of Ascaris ova per liter 
of Gardeners’ ditch water was 1.5 at flume 
and 1.1 at first farm; for End. coli cysts, 
numbers were 4.7 at flume and 3.6 at first 
farm. Coliform organisms and enterococci, 
on other hand, showed higher incidence in 
this ditch than in effluent. Helminth ova 
other than Ascaris were also found occa- 
sionally in raw sewage, settled sewage, and 
effluent of Denver sewage treatment plant 
and in South Platte R. below plant. These 
were ova of hookworm group, Trichostron- 
gylus, Trichuris, and Taenea. Ova of 
Hymenolepsis and Trichostrongylus were 
found twice in Gardeners’ ditch at first farm. 
Efforts to recover End. histolytica were 
consistently negative. 81-88% of Ascaris 
ova found in raw sewage, settled sewage, 
and effluent of Denver sewage plant, and in 


river water and Gardeners’ ditch water con- 
taining sewage effluent, were viable. Inci- 
dence of helminth ova in vegetable washings 
was also investigated. One sample of let- 
tuce and one sample of cabbage, out of 7 
samples of celery, lettuce, and cabbage col- 
lected during period sewage plant was in- 
operative, showed Ascaris ova, whereas 15 
samples of lettuce, cabbage, and celery col- 
lected when sewage was being treated 
showed negative results. 13 samples of 
celery, carrots, onions, cabbage, and lettuce 
collected from Clear Creek area were all 
negative. Public health significance of these 
findings is discussed, but definite conclusions 
cannot be stated, as little is known of mini- 
mum infecting doses of these organisms.— 
PHEA 


BACTERIOLOGY 


Survival Time of Escherichia coli in Some 
Mineral Waters of Sardinia. B. ANGe- 
LILLO. Igiene Mod., 46:623 (’53). Purpose 
of this investigation was to establish more 
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ELECTRIC 


KLETT SUMMERSON 
PHOTOMETER 


Adaptable for Use in Water 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


Analysis 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


: 
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If you took a poll of the chemical feeders in water works 
service throughout the country, you would have dramatic proof 
of the popularity of Omega Universal Feeders. Here are a few of 
the hundreds of Universal Feeders which, today, are solving the 
chemical feeding problems of cities and towns in every state of 
the Union. 

Are you acquainted with the many features of Omega Uni- 
versal Feeders? If not, write for Bulletin 20-J10A. Omega Machine 
Company, 365 Harris Ave., Providence 1, Rhode Island. 


Am FEEDERS 


DIVISION OF B-I-F INDUSTRIES, 


CONTROLS 
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Control for Permutit Precipita- 
tor, filters and water softeners. 


Panel for operation of two 
Permutit ion exchange units. 


Main control panel for 2 Precipitators, sodium and 
hydrogen-cycle softeners, degasifiers, and pumps 


Control for Permutit Precipitator, hydrogen-cycle 
softeners and 2 mixed-bed demineralizing units 


Control for Permutit soften- 
ers (hot process) and pumps. 


Cubicle for Precipitator which 
clarifies and softens water. 


Why we make 


Life might be simpler if we “farmed out” our control 
cubicles and instrument panels . . . but we like to build 
every major component of a PERMUTIT water-condi- 
tioning or ion exchange system . . . so that we know it 
will do its specific job properly. 

That’s why these panels . . . and the hundreds of 
others in power plants, chemical process plants, manu- 
facturing plants and municipal water works . . . are 
designed by Permutit engineers and assembled, wired 
and piped in Permutit factories. 

That's why we design and build our own special 
parts such as multiport valves, strainer systems and 
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Control for Precipitator and 
2 mixed-bed demineralizers. 
| 208) 
Og 
% 


Graphic control for eight Permutit ion exchange units Control for Permutit concep 
for demineralizing sugar solutions in a large refinery demineralizing equipment. 


Control for Permutit soften- Permutit control panel for four gravity filters installed at 
ing equipment (hot-process). the new generating station of a large eastern utility. 


Panel for operation of three Alarm system for Permutit 
mixed-bed demineralizers. two-step demineralizers. 


our own panels: 


chemical feeders. That’s why we make our own ion 
exchange resins. 

As a result, we talk in terms of over-all results, And 
you get complete service from one source. 


For further information, write to: The Permutit 
Company, Dept. JA-4, 330 West 42nd St., New York 
36, New York. 


WATER CONDITIONING + ION EXCHANGE 


PERMUTIT’* 


— 
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reliable sanitary control of mineral waters 
in respect to Esch. coli (1). 2 Sardinian 
mineral waters of alk. bicarbonate type (San 
Martino and Montes), which had been 
bottled day before, were treated with suit- 
able suspension of I. Each sample was kept 
at room temp. and at cold-room temp. in 
absence of light. Assays were done each 
day for first 10 days and at 5-day intervals 
thereafter by agar (Drigalski) and Smith’s 
broth methods. Results of assays on 35 ml 
of contaminated water showed I survival 
period of 20 days at cold temp. and 28 days 
at room temp. As mineral waters differ in 
autosterilizing power, depending on their 
phys. and chem. character, it becomes neces- 
sary to measure this power for each one for 
reliable sanitary control —CA 


Survival of Esch. coliin Water From Great 
Salt Lake. R. S. Fraser & C. I. ARGALL. 
Sew. Ind. Wastes, 26:1141 (’54). Contrary 
to previous assumptions, Esch. coli is not 
killed rapidly by water from Great Salt 
Lake. At summer temperatures few bacteria 
will survive more than 8 hr, but at 6°C ap- 
proximately 50% will survive 24-hr exposure 
to lake water. Membrane filter technique 
proved valuable in testing survival of bac- 
teria in unfavorable environment and has 
provided excellent means for transferring 
organisms from unfavorable environment to 
one that is favorable —PHEA 


The Choice of an Indicator Organism for 
the Bacteriological Control of Swimming 
Bath Purification. Pustic Las. 
Service Water Suscommittee. Monthly 
Bul., Min. of Health & Pub. Health Lab 
Service (Br.), 12:254 (Dec. '53). Coliform 
test is widely accepted for assessing potab‘l- 
ity of water, and use of Esch. coli as indicator 
organism to assess effectiveness of water 
purif. is well established. Water of swim- 
ming pool, however, is exposed to contamn. 
not only from intestine but also from mucous 
surfaces (¢.g., nasopharynx) and from body 
surface itself. There have been conflicting 
opinions on most suitable organism to use 
as indicator for bact. control of swimming 
pool purif.; it was, therefore, decided to 
undertake investigation into this matter. 
This study was limited to pools in which 
process of continuous circulation, filtration 
and chlorination was in operation so that 
there could be no doubt of eff. of purif. proc- 
esses. Samples were examd. for presence of 
coliform organisms, hemolytic streptococci, 


staphylococci, and Neisseria catarrhalis, as 
well as for general bact. cleanliness, by 
means of plate count. Free arid total residual 
chlorine contents and pH of water were 
measured at time of sampling. As prelim- 
inary expt, and in order to appreciate de- 
gree of bact. poln. in pool, examns. were 
made of water after 74 male bathers had 
been in it during previous 2 hr, water being 
circulated and filtered, but not chlorinated. 
Considerable numbers of bacteria of all 
types were present, as shown by plate counts 
at 37°C and 22°C. Conventional bact. in- 
dicators of intestinal poln. were present, but 
only in small numbers. Staphylococci were 
numerous and Neisseria catarrhalis was very 
numerous, many organisms being present in 
0.5 ml of sample. Then 178 samples (72 
from inlets and 106 from outlets of pools) 
were collected from 37 pools in 5 localities 
and examd. at nearby labs. in Birkenhead, 
Conway, London, Manchester, and Oxford. 
Coliform organisms and Neisseria catarrhalis 
were seldom isolated from samples in which 
free residual chlorine exceeded 0.1 ppm. 
Alpha-hemolytic streptococci and staphylo- 
cocci were too resistant to chlorination to 
be of much service as indicator organisms. 
Plate counts in nutrient agar at 37°C and 
22°C showed close correlation with levels of 
free residual chlorine. Of 138 samples in 
which free residual chlorine exceeded 0.1 
ppm, plate count at 37°C did not exceed 10 
colonies per ml in 76.1% or 100 colonies per 
ml in 95.7%. Corresponding percentages for 
plate counts at 22°C were 79.0 and 93.5. 
Bathing loads appeared to have little effect 
in increasing bact. poln. of water, and, on 
occasions when paired samples were taken 
from inlet and outlet of bath, there was no 
appreciable difference in bact. qual. of 2 
samples. As recommended std. for swim- 
ming pool water, it is suggested that no 
sample examd. should contain any coliform 
organisms in 100 ml and that in 75% of 
samples examd. plate count at 37°C from 1 
ml of water should not exceed 10 colonies, 
nor 100 colonies in remainder. It is possible 
to maint. pool water at this std. with free 
residual chlorine as low as 0.1 ppm, but this 
level allows no margin of safety and is, in 
practice, difficult to maint. Level of 0.2~-0.5 
ppm recommended by Min. of Health should 
maint. swimming pool water in bacteriologi- 
cally satisfactory condition, provided that 
chlorine is present as free residual chlorine 
—BH 
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WHICH 


ASSURE THE CLEAREST WATER? 


They all help to produce clear water. But only when all four features are 
combined in a single unit can you be sure of a dependable and economical 
supply of clear water at all times. The GRAVER REACTIVATOR®, 
a cold process softener and clarifier, is designed to combine all these features. 
Forty-five years of water conditioning experience have gone into 
this design — a design that has a proven, successful performance -record 
in hundreds of installations. 


WRITE FOR DESCRIPTIVE CATALOGUE WCc-103A 


Municipal Department: M-112 

GRAVER WATER CONDITIONING CO. 
A Division of Graver Tank & Mig. Co., Inc. 

216 West 14th Street, New York 11, N. Y. 
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Correspondence 


Big Spring Sewage Plant 
To the Editor: 


In the article, “Industrial Use of Re- 
claimed Sewage Water at Amarillo,” by 
Marvin C. Nichols (Jan. 1955, p. 29), 
reference was made to the successful use 
of treated sewage effluent during the past 
ten years at Big Spring, Tex., but it was 
incorrectly stated that the Big Spring 
plant was of the activated-sludge type 
(p. 30). This is a serious error because 
it is a Hays-Schulhoff Process contact 
aeration type sewage treatment plant— 
not an activated-sludge plant. I was one 
of the engineers who designed the plant 
at Big Spring, and, after we had made 
a thorough study of the individual char- 
acteristics of several other types of treat- 
ment, we chose the Hays-Schulhoff type 
because we were convinced that it could 
be depended upon to give the continuous 
treatment necessary under the contract. 
Operative experience at Big Spring dur- 
ing the past ten years has proved that 
this type of treatment plant could deliver 
a high quality of effluent at all times; 
therefore, our choice of treatment was 
sound. 

It seems to me very important that the 
error in the article should be called to the 
attention of the readers of the JouRNAL. 
Engineers should know that the Big 
Spring plant is a Hays-Schulhoff con- 
tact aeration type, and that the soundness 
of the undertaking was due to the ef- 
ficiency and economy of this particular 
type of plant. It might also be of inter- 
est to readers to learn that Big Spring 
has recently doubled the size of its in- 
stallation by the addition of another 


Hays-Schulhoff Process plant, identical 
to the first. It is also most important to 
stress the fact that the Hays-Schulhoff 
contact aeration type of sewage treatment 
is capable of providing effluent for in- 
dustrial use, and thereby to help dispel 
any notions to the contrary. 

Interested readers are referred to an 
article by N. T. Veatch in the January 
1948 JourNAL (p. 1). Mr. Veatch made 
special mention of the contact aeration 
sewage treatment plant at Big Spring. 

L. B. Grirrirx 
Arlington, Va.; Feb. 16, 1955 


Silica Sols 
To the Editor: 


I have read with a great amount of in- 
terest the paper by L. L. Klinger on “Ex- 
perience With Activated-Silica Treat- 
ment” (Feb. 1955, p. 175). The author 
makes the statement: “Baylis was the 
first of many investigators to patent a 
silica sol.” This statement is not in ac- 
cordance with the facts. I refer you to 
the Graf-Schworm patent (2,234,285) 
application Serial No. 134,372, dated Apr. 
2, 1937, and the Baylis patent (2,217,466) 
application Serial No. 164,372, dated Sep. 
17, 1937. You will note our priority of 
six months. 

These two applications were so close 
together that the examiner cited mutual 
interference, resulting in a friendly set- 
tlement of claims between Baylis and our- 
selves. C. A. Black, in his article, “Ac- 
tivation of Silica for Use in Water Treat- 
ment” (Oct. 1953 Journat, p. 1101), was 
aware of this when he said: “The work 
was done independently and concurrently 
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Proud “‘city fathers’’ 
must look to the future, too! 


“1OWA hydrants and valves 
are never “orphans”! 


No need to worry about the future of your city’s water 
system when you choose Jowa. You know you're buying a 
reliable product from a reliable firm and that there will 
always be replacement parts, when and as needed. What 
you may not know, though, is this . . . Jowa hydrants are 
easily and economically serviced—even by new employees 
without special training. 

Below are additional facts to keep in mind when you plan 


to expand or replace any part of your city water works. 


IOWA HYDRANTS 
Provide full, truly unrestricted 
water way. 

Open with the pressure for faster 
water delivery. 

Close against the pressure to 
eliminate water hammer, pro- 
vide flushing action. 

Assure positive drainage. 

Are available for any type of 
connection. 

All working parts removable 
through top—no digging or spe- 
cial tools required. 


Meet all A.W.W.A. specifications. 


1OWA GATE VALVES 
Double disc, parallel seat. 
Positive wedging action for effi- 
cient, no-leak closing. 
Gates hung loosely from stem 
nut—no binding. 
Rugged, time-proved design 
means long life, low service costs. 
Available with bell, flange, or 
mechanical joint connections to 
fit any existing or planned 
installation. 


Meetall A.W.W.A. specifications. 


The best insurance policy is the order that specifies IOWA! 


VALVE COMPANY 


A Subsidiary of James. Clow & Sons 


Oskaloosa, lowa 


| 
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by J. R. Baylis at Chicago and by Graf 
and Schworm at St. Louis.” Also, Mer- 
Pi be « rill and Bolton (Jan. 1947 Chemical En- 
gineering Progress, “Activated Silica, a 
FOR HIGHER CAPACITY WELLS — New Chemical Engineering Tool”) say 
q (p. 27): “The first successful efforts to 
use silica sols in water coagulation on a 
large scale were made about ten years 
ago by J. R. Baylis at Chicago and by 
Graf and Schworm at St. Louis. The 
two attacks on the problem were made 
independently and at about the same 
time.” Much later (Feb. 1943), Baker 
and Dedrick modified our process and 
were able to obtain patent No. 2,310,- 
009 covering their modification. 

We have reason to believe that our 
laboratory research antedated the work 
of Baylis by several years, but this is not 
the point at issue. We feel that authors 
and editors of papers involving the re- 
search of other men should carefully 
check their statements to preclude the dis- 
semination of information which is either 
erroneous or misleading. 


SPECIAL MUDS MINED 


if AND PROCESSED FOR ® | St. Lowis, Mo.; Feb. 24, 1955 
WATER WELL DRILLING! 


| @ SPINKS Gleason—casy-mixing mud, 
washes out quickly, easily. Mini- 7 
mum penetration! Makes heavy © 
mud — 9.5-lb. to 10-lb. range — © 
stops cave-ins! Excellent lubrica- | 
tion properties! Removes cuttings © 
quickly, thoroughly! Durably 
sacked in water-repellent asphalt 
lined bags! 50-lb. size for easy 
handling . . . less chance of loss! 
@ SPINK-Gel — high-yielding, finest 
quality Wyoming bentonite. Low 
water loss! Exceptional lubricating 
qualities! 
@ SPINK-O— medium weight mud. 
Combines outstanding qualities of 
Gleason and Spink-Gel. : 


Distributorships now open in several choice 
territories! WRITE, WIRE or CALL Rich 
Carothers. Telephone 1502, Paris, Tenn. 


H. C. SPINKS CLAY COMPANY, INC. 


Mines and General 
Paris, Tennessee 


¥ 

| 
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Long string of 48-in. pipe being laid on 73d Ave., bordering Alley Park. The smali-diameter pipe is for local feed only. 


6-Mile Tar-Enameled Steel Water Main 
Under Way in Fast-Growing Queens, N. Y. 


Few areas in the land have grown as fast 
as the Borough of Queens, New York 
City, which occupies the entire northwest 
section of Long Island. To keep pace with 
the resulting vastly increased water de- 
mands, the Bureau of Water Supply of the 
Department of Water Supply, Gas and 
Electricity is expanding its water supply 
system. 

A major project which got under way 
in 1954 extends one of the Queens trunk 
mains eastward from Main Street in 
Flushing six miles to the Douglaston 
Pumping Station, and provides for future 
development in the Floral Park area. 

The new main consists of Bethlehem 
Tar-Enameled Steel Pipe of large diam- 


eters: 20,350 feet is 60 in. ID; 8,080 feet is 
48 in. ID; and 2,860 feet is 36 in. ID. The 
pipe, in 40-ft lengths, was hydrostatically 
tested, coal-tar enameled inside and out, 
wrapped and drilled for riveting at 
Bethlehem’s Steelton, Pa., pipe shop. 
Bethlehem also supplied numerous bends, 
reducers and other pipe specials. Contrac- 
tor for installation of the line was Tibbetts 
Contracting Corp. of Yonkers. 

When you're planning your next water 
or sewage line, the wisest move you could 
make would be to pick up your phone and 
dial the nearest Bethlehem district sales 
office. We will be happy to give you de- 
tailed information about Bethlehem Tar- 
Enameled Steel Pipe. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethiehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL PIPE 
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Taps for 160,000,000 people sounds 
a little too much like a headline for an 
H-bomb story, but we’re talking about 
the location of the 1,000,000,000 wash- 
ers in the United States—faucet wash- 
ers, that is. What made us washerwise 
was a query from one of our Canadian 
friends concerning the number of wash- 
ers used per capita per year. A horse- 
back questionnaire around the office 
indicated a total of 5 taps per person 
and a washer life of 2 years, which 
checked out exactly with the Canadian 
count independently tallied. The bil- 
lion then emerges by adjusting some- 
what down for the older homes or 
bigger families and considerably up for 
hotels and public, commercial, and in- 
dustrial buildings. All of which is to 


say 500,000,000 washer changes per 
(Continued on page 88 P&R) 


year and, even leaning over backward 
enough to count only about a week of 
drip before that, at least 5 bil gal of 
water waste. Taps for drips from taps 
is what we'd like to headline. 


Jobs! Jobs! Jobs! There seem 
to be more good ones floating around 
these days than there are qualified wa- 
ter works men to fill them. So if 
you're on the loose or on the prowl, 
you'll do well to record your interest 
with AWWA. Send along a resume 
that includes personal data, a record 
of your education and experience, and 
an indication of your preference in 
type of work and location. Two or 
three copies will be that much better, 
and a recent photo attached to each is 
recommended to cushion the later 


BUILDERS PROPELOFLO is an inexpensive main line meter for totalizing 
water consumption. Gives dependable, trouble-free service on the job. 
Meters accurately over wide range — six-digit totalizer shows water use 


DIVISION OF 8B-I-F 


directly in gallons, cubic feet, etc. For complete information on this 
easy-to-install meter, write to Build 
Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


INDUSTRIES, 


SUR (POM FOUNDEY © PROPORTION BEERS, © OMEGA MACHINE CO. 


, Inc., 365 Harris Ave., 


INC. 
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AIRPORTS 


= 


BOX COVER 


This M & H Hydrant sets completely = yyypneR. 
underground. The cast iron box cover GROUND 

is on line with the ground level, thus BOX —? 
completely eliminating any interference 
with traffic. M & H flush type hydrants 
are especially designed for use at air- 
ports servicing the heaviest modern 
airplanes. 


The operating nut and nozzles are 
accessible simply by lifting the two piece cover, which 
has disappearing handles designed to drop flush with 
the cover when not in use. Hydrant internal construc- 
tion is exactly the same as M & H compression type 
fire hydrants used by so many municipalities through- 
out the country. M & H flush type hydrants feature 
a 514” valve opening and an unobstructed waterway. 
Can be supplied with one or two fire hose connections 
and/or with steamer nozzle, with threading to match 
existing standards. 

For additional information, wire or write 


M & H VALVE AND FITTINGS COMPANY, 
ANNISTON, ALABAMA, 


HOSE 


NOZZLE STEAMER 


NOZZLE 


re water WORKS © FILTER PLANTS 
* SEWAGE DISPOSAL AND 
FIRE. PROTECTION. 
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Lloyd Logsdon (center), retiring vice-president and general manager 
of the Mueller Co. West Coast sales and plant operations in Los 
Angeles, was honored by the company at a testimonial dinner on Feb. 5. 
Shown with Mr. Logsdon are William H. Hipsher (left), executive 
vice-president of the firm, and Robert H. Morris, vice-president and 


general manager. 


shock to the prospective employer. 
The Association isn’t in the employ- 
ment agency business, of course— 
merely trying to see that the oppor- 
tunities about which it hears knock on 
the doors of AWWA members. Your 
door numbers, then, should be sent to 
“Employment Information File” at 
headquarters. AWWA will do its best 
to do the rest, with the help, naturally, 
of those who remember to put in their 
call for: Men! Men! Men! 


Ross J. Burns has been named wa- 
ter meter sales manager for Badger 
Meter Mfg. Co., at Milwaukee, Wis. 
Replacing him as western sales man- 
ager, at Los Angeles, is John Way. 


William T. Field, consulting engi- 
neer of Watertown, N.Y., was hon- 
ored as the north country’s “Engineer 
of the Year,” at the annual dinner of 


the Jefferson-Lewis chapter of the New 
York Society of Professional Engineers 
on Feb. 22. Mr. Field, a Life Member 
of AWWA (which he joined in 1910), 
has long been an energetic and per- 
sistent worker on behalf of public proj- 
ects, such as the Thousand Islands 
Bridge and the St. Lawrence seaway. 


Martin F. Wilkerson, a member of 
the Diamond Alkali Co. sales staff since 
1948, has been appointed manager of 
the company’s branch sales office at 
Houston, Tex. 


Philip J. O’Connor, chief chemist 
and superintendent of the filtration 
plant at Warren, Ohio, died suddenly, 
of a heart attack, at his home on Feb. 
14. Mr. O’Connor, 58, had been an 
AWWA member since 1922 and had 
served with the Warren water depart- 
ment since its inception in 1919. 


(Continued on page 90 P&R) 
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Simple Design... 


Quick Repairs.... 


Easy Disassembly... 


Rugged Construction.. 


= 
SUPPLY 
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Science it is that is making neu- 
rotics of us all. And who can be 
blamed for neurotting a little when 
day by day his best-founded beliefs are 
being scientifically cut out from under 
him? Latest of these sacrifices to sci- 
entific methodism seems to be the 
“common knowledge” that it is the 
water stored in his hump that permits 
the camel to go for so long without a 
drink. As a matter of fact, most of 
the non-Egyptologists among our 
small fry would give you pretty good 
odds that the hump decreased in size 
as the camel drew on it during his 
travel across the desert, thus making 
these elevated tanks not only portable 
but self-adjusting. 

Now the Drs. Schmidt-Nielsen, hus- 
band and wife zoologists of Duke Uni- 


versity, would have us know that this 
long-accepted concept is strictly at 
variance with the facts. Having led a 
UNESCO research team that made an 
intensive study of the camel in his na- 
tive habitat, even to the extent of sub- 
jecting him to basal metabolism tests, 
the Schmidts point out that his thirst 
control is all a matter of perspiration. 
One of their test animals, fed only hay 
and dried dates for 17 days, during 
which time he was often in the scorch- 
ing sun when the temperature was 
well over 100°F, lost only a third of 
his body weight during that period and 
was able, with no ill effects, to suck 
up 20 gal of water in a few minutes at 
the end of it. “The camel,” they re- 
port, “begins sweating only after a 
considerable increase in body tempera- 


(Continued on page 92 P&R) 


r&® For Public Water Fluoridation 
Sodium Silicofluoride—98% 


(Dense Powder) 


Sodium Fluoride—98% 


(Dense Powder or Granular) 
Meets AWWA specifications 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 


| 
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For over 40 years HYDRO-TITE has been faith- 
fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about 
1/5 as much as lead joints. Packed in i00 Ib. 
moisture-proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form 
—packed in 50 |b. cartons—2 litters of pigs 
to the box—-24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


(REELS) 


The sanitary, bacteria-free joint packing. 
Easier to use than jute and costs 

about half as much. Insures sterile 

mains and tight joints. 


HYDRAULIC DEVELOPMENT CORPORATION 


| 
WHEN THE FIRST HYQRO-TITE JOINTS 
@ WERE BEING POURED- 
7 
(POWDER) 
FIBREX 
4 cer 


ture and even then does not drip with 
perspiration.” 

Anyway, if our deodorant ads are 
to be believed, all this is sure to make 
camels nice to be near. Tunis anyone? 


Folding steel barricades, 4-10 ft 
in length, are being marketed by the 
All-Craft Mfg. Co., Butler, Wis. Steel 
legs, which lock when open, can be 
folded into the heavy-gage steel top 
members to provide compact, easily 
handled units. The cost is said to 
be competitive with that of wooden 
barricades. 


R. W. Pearce, manager of chlo- 
rinizer sales, has been made works 
manager of B-I-F Industries, Inc. 
The position was vacant for almost a 
year, when Earl H. Bradley left the 


If you have a water problem of any size or type—write us. With over 
itioning 


50 years of experience—cond. 


A New Bulletin of Bulletins . . . FREE on Request 


& TERRY, INC. 


CLAYTON 
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post to become president of the firm. 
Pearce has been with the B-I-F or- 
ganization since 1936, and has served 
in a wide range of production and 
management positions. 


John M. Maitland has been ap- 
pointed manager of the Detroit dis- 
trict office of the Bristol Co. He had 
been with the company’s New York 


office since 1953. 


Relly S. Clark has been appointed 
Warren Foundry & Pipe Corp. sales 
representative in the New York State 
area, with headquarters in a new 
branch office at Avon, N.Y. Mr. Clark 
has held the position of superintendent 
of water for the village of Avon, and 
headed the water works sales depart- 
ment of Haverstick & Co., Rochester, 
N.Y. 


WATER 
PROBLEM? 


Photo on left shows a 
typical H & T fully auto- 
matic, municipal, zeolite 
water softening plant 
producing clear, iron 
free, soft water. 


Operation of this auto- 
matic water treatment 
plant is by our electri- 
cally operated poppet 
type multiport valves— 
the valves which provide 
unequalled performance. 


water—We Can Help You 


NEW JERSEY 
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See Bill Satter, chief operator, 
making dosage adjustment 
on Builders Chlorinizer. 


CHLORINIZERS 


Defenders at Grand Haven, Michigan 


Grand Haven (population 10,000) gets its municipal water from 
three Ranney type wells located just off the shore in Lake Michigan. 
Water drawn from these wells is chlorinated by two Model DVS-A 
Builders Chlorinizers, and then pumped directly into the main which 
supplies the city. 

Mr. R. V. Terrill, City Mgr. says: “Because these feeders are so 
easily adapted to automatic-proportional pacing from a propeller- 
type meter, initial and installation costs proved considerably lower 
than they would have been with any other type of chlorine gas feeder. 
Performance of the Chlorinizers has been excellent. | checked the 
records the other day and found we haven't spent a cent for repairs or 
service since these chlorine gas feeders were installed in January 1952.” 

Hundreds of cities throughout the country are selecting Chlorinizer 
. «+. for replacement, for plant expansion, for new projects. For 
Bulletins 840-F1B, 840-J30 and 840-J8 giving complete information, 
write Builders-Providence, Inc., 365 Harris Ave., Providence 1, R. |. 


LDERS-PROVIDENC 


DIVISION OF B-I-F INDUSTRIES, 
4 


SUILOERS (ROM FOUNDRY © PROPORTION EERE, (HC. OMEGA MATCHING CO. 
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Automatic proportioning of Builders- 
Providence chlorinizers is described in 
Sup. Bul. 840-K13, obtainable from the 
company at 345 Harris Ave., Providence 
1, R.I. The system is called “flow re- 
sponsive,” because it converts flow values 
into output air pressures required for 
chlorine feed. 


Cleaning of pressure filter media in 
place by the use of a solvent wash is dis- 
cussed in an issue of the Dowell Service 
Bulletin entitled “Preventive Mainte- 
nance Cuts Replacement Costs.” Re- 
quests should be addressed to Dowell 
Inc., Box 536, Tulsa 1, Okla. 


Horizontal split-case, double-suction 
centrifugal pumps are the subject of Bul. 
105-B on Type 0 pumps, available from 
Aurora Pump Div., New York Air Brake 
Co., 629 Loucks St., Aurora, Il. 


Double-cushioned electric check 
valves are the subject of Bul. W-10 of 
Golden-Anderson Valve Specialty Co., 
1221 Ridge Ave., Pittsburgh 33, Pa. The 
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valve is designed as part of the electric 
circuit controlling the pump, in order to 
eliminate shock and water hammer. 


Instant mixing in the pipeline is of- 
fered by the American Well Works 
Homomix, as described in Bul. 300 of the 
American Well Works, Aurora, Ill. The 
device utilizes a diffusing impeller to 
blend chemicals uniformly and rapidly. 


Submersible pumps of Pleuger Sub- 
mersibles Eng. & Mfg. Co., 959 Harris- 
burg Ave., Lancaster, Pa., are described 
in a 24-page catalog just issued. The 
pump uses a water-filled and water-lubri- 
cated motor, requiring no seal or stuffing 
box. 


MF characteristics and application de- 
tails as discussed in over 80 technical 
articles are reviewed and summarized in 
a 36-page booklet entitled “MF Millipore 
Filters.” Distributed by Millipore Filter 
Corp., Watertown 72, Mass., the booklet 
is fully illustrated and includes several 
full-color photographs of E. coli, S. ty- 
phosa and other bacterial colonies cul- 
tured on the molecular filter membranes. 
A section on media formulations is in- 
cluded, together with the complete bibli- 
ography of the technical literature upon 
which the booklet is based. In addition 
to its bacteriological applications, the MF 
has been used for dust and other sus- 


(Continued on page 96 P&R) 


P, O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 lb. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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KENNEDY VALVE gives you the 
complete story on A.W.W.A. Valves . . 


P&R 95 


Finger-tip facts to A 
help you specify == 
A.W.W.A. Valves. . 


KENNEDY has available for you now, 
a bulletin with complete information 
on the Kennedy line of A. W. W. A. 


arrangements available. Here's excel- 
lent reference material combined with 


Gate Valves. You'll find detailed speci- 
fications including lists of the wide 
range of types, sizes, controls, acces- 
sories plus connections and gearing 


important facts you need when order- 
ing or specifying A. W. W. A. Valves. 
Get your free copy now! 


e Write for Bulletin 106 


‘KENNEDY 


VALVE MFG. CO. 
VALVES - 


ELMIRA, 
PIPE FITTINGS FIRE 


OFFICE-WAREHOUSES IN NEW YORK, CHICAGO, SAN FRANCISCO + SALES REPRESENTATIVES IN PRINCIPAL CiTiES 
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pended solids sampling, selective filtra- 
tion of dispersions, and chemical analyses. 


Diatomite filter operation is the sub- 
ject of a 4-page booklet, Bul. 5502, dis- 
tributed by General Filter Co., Box 111, 
Ames, Lowa. 


Parallel-shaft gear drives in 39 stand- 
ard sizes are described in a 32-page bul- 
letin, No. 2619, issued by Link-Belt Co., 
307 N. Michigan Ave., Chicago 1, Ill. 
The publication contains complete engi- 
neering data, including simplified horse- 
power tables, dimensions, and overhung 
load capacities. 


Basic telemetering equipment is cov- 
ered in an 8-page bulletin, No. 9100, 
available from Automatic Control Co., 
995 University Ave., St. Paul 4, Minn. 
The proportional-multiple model permits 


n over 300 plants with a daily 
capacity of 1% billion gallons... 


Glazed Fire Clay 
TILE FILTER BOTTOMS 


Leopold Duplex Filter Bottoms are getting 
more popular every day. And for good rea- 
sons, too. They last longer, perform better, 
and are unequalled in economy. Want more 


detail 
us today. No 


F.B. LEOPOLD CO., INC. 
2413 W. Carson Street, Pittsburgh 4, Pa. 


is “performance- filter 
igation. 


up to 29 signals to be transmitted in both 
directions, without regard to sequence. 


The second edition of the Reilly Tar 
& Chemical Corp. "Chemical Index,” an 
8-page booklet, contains information on 
over 100 compounds, including thirteen 
chemicals not listed in the previous edi- 
tion. Copies are available from the com- 
pany, 1615 Merchants Bank Building, 
Indianapolis 4, Ind., or its district offices. 


Worthington Corp., Harrison, N.J., 
has released two 8-page bulletins: No. 
S-500-B52B covers DR diesel engines 
and includes rating charts and fuel cost 
curves; No. 1230-B1 describes contrac- 
tors’ portable self-priming centrifugal 
pumps, with details on construction, speci- 
fications, and component parts. 


Liquid-level measurement, control, and 
transmission systems are described in a 
20-page bulletin, No. 1161, issued by 
Minneapolis-Honeywell Regulator Co., 
Industrial Div., Philadelphia 44, Pa. Ap- 
plications, principles of operation, limita- 
tions, and advantages of different types of 
systems are discussed. 


Soda ash slurry storage systems are 
covered in a 16-page brochure published 
by Diamond Alkali Co., 300 Union Com- 
merce Bldg., Cleveland 14, Ohio. Pneu- 
matic and mechanical methods of hand- 
ling are also described and illustrated. 


Swimming pool equipment, including 
filters, chemical feeders, pumps, and as- 
cessories, is described in Bul. WC-109 
(12 pages), issued by Graver Water Con- 
ditioning Co., 216 W. 14th St. New 
York 11, N.Y. 


A spring action swing check valve, 
said to avoid slamming and to offer mini- 
mum resistance to flow, is described in a 
pamphlet issued by the W. R. Ames Co., 
150 Hooper St., San Francisco, Calif. 
The valve has a working-pressure rating 
up to 150 psi and is available in 4-, 6-, 
and 8-in. diameters. 


‘ 
| Leopo/y J A 
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AFTER 28 YEARS” SERVICE 


JOURNAL AWWA 


In 1925, The Board of Water Supply, city of Providence, laid a water line in Cranston, 
hand-brushed 


Rhode Island. Interior surfaces were 


This illustration is graphic proof of the 
extra value you get sm you specify 
Bitumastic Enamel. After 28 years’ 
continuous service, a section of this 48- 
inch line was removed for inspection. 

Note that there is no sign of rust or 
tuberculation. Brush marks are still 
visible. The original coefficient of flow 
has been maintained over the years. 
With such performance available from 
Bitumastic Enamel, there is no need 


SEWAGE EQUIPMENT 
PROTECTION! 


Koppers also makes Bitumastic® 
Protective Coatings for all kinds 
of sewage-plant equipment. 
Give your expensive equipment 
the effective protection it de- 
serves. Write for complete data. 


with hot Bitumastic® Enamel. 


to specify over-sized diameter pipe, 
thus giving important installation as 
well as operational economies. 

Samples of this original 28-year-old 
Bitumastic Enamel lining were tested. 
Laboratory analysis showed there was 

ractically no change in the character- 
istics of the Bitumastic Enamel. This 

ives every reason to believe that the 
ine will continue to give the same type 
of dependable performance for many 
more years. 

Service records like this prove that 
it pays to use strong steel pipe, pro- 
tected by Bitumastic Enamel. It’s an 
economical combination for your large- 
diameter water lines. Write for com- 
plete information. 


KOPPERS COMPANY, INC. 


Tar Products Division, Dept. 405-T, Pittsburgh 19, Pennsylvania 
DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA. 
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this coating | 
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in excellent 
| 


MEMBERSHIP CHANGES Vol. 47,No.4 


CHANGES IN MEMBERSHIP) = Cannon, Frank, Water Repair| Frizzell, Raymond, Gen. Fore- 
Dot. Abilene, Tex. (Jan. °55) man, Meter Div., Water Board, 
M 418 Eleanor St., San Antonio, 

| Cannon, H. R., Distr. Foreman, Tex. (Jan. M 
N Dest. Abilene, Tex. (Jan.| Gastonia Dept. of Public 


TOTAL aN M Health, W. N. Long, Jr., Sr. 
10} | Robert M., Supt., North Public Health Engr., Box 710, 
xr 2? | Waco Water Su ply Dist., 2618 Gastonia, N.C. (Munic. Sv. Sub. 


} N. 20th St., /aco, Tex. (Jan. Jan. ’55) RP 
| mar | 1 | 1955 | '55) MRP Gray, Russell T., Ine., Harvey 


AMERICAM he A. Scribner, Pres., 155 N. Wacker 

WATER WORKS | ASK., DOS Water r., Chicago 6, Tl. (Corp. M. 
Box 600, Denver, Colo. (Jan. ’55) 

| MRPD F.; see Huntingburg 

Christy, Robert W., Engr., Link (Ind.) Water Co 

Belt Co., 2630 Holmes St., Kansas Masstend R R.. Treas., Ralph D 

NEW MEMBERS 8, Me. Jen. 98) Thomas & Assoc.” Inc., 401 Metro- 

Church, Lieyd RK., Village Supt., lit Bld Mi lis, Mi 
Applications received Feb. 1-28, 1955 Clarendon Hills, Ill. (Jan. M ma. 
Adkins, Ralph w., Asst. Supt., Colony, William M., ystem Hahn, David B., Engr., Layne 


Maint. Engr., Washington Sub al 4 
urban San. Com., 4017 Hamilton Texas Co., 9620 John West Rd., 


(Jan. MRPD ‘| $t., Hyattsville, Md. (Jan. 55) Dallas 18, Tex. (Jan. ’55) MR 
, Cornett, Jack B., Cons. E , | Hammerson, Willlam Percy, 

Al-Ant, Najmiddin A., Graduate “7808 S. Pittsbur Tulsa Okla. Engr.-Draftsman, Dean S. King- 
Student, San. Eng., State Univ. of 0 Univeral P 
lowa, 411 S, Dubuque, lowa City (Jan. P man, 153 Ave., 
lowa (Jr. M. Jan. '55) P "| Cox, Joseph B., Asst. org Engr., Alto, Calif. (Jan. 55) D 

Allen, George H., Supt., Light Elec. & Water Eng. Dept., 34 S.| Harcourt, P. W. E., Branch Mgr., 
MRPD an. ) Co Ltd., 241 Birmingham St., 

. Crabbe, Ben F., Mfer.’s Repr.,| New Toronto, Ont. (Jan. ’55) 

| Box 3413, Orlando, Fla. (Jan. ’55) | Hell, Dick C., Regional San. Engr., 
Director, Municipal Office Bidg.. | Cunningham, Francis P., Engr., State Dept. of Health, Bureau of 
Baltimore 2, Md. (Corp. M Jan.| Neptune Meter Co., 4713 N. Knox San. Eng., 415 First National 
55) RPD | : Ave., Chicago 30, Ill. (Jan. '55) Bank Bldg., Greensburg, Pa. (Jan 

Beaven, Thomas M., Personne! Daley, James J., Project Engr., "S5) P 
Director, Indianapolis Water Co., Purolator Products Inc., 970 New | Henderson, Kenneth W., 

113 Monument Circle, Indianapolis Brunswick Ave., Rahway, N.J Malcolm Pirnie Engrs., 
6, Ind. (Jan. '55) M (Jan. ’55) P 43rd St., New York 36, 

Bechard, Laurent, San. Inspector, Dallas, B. B., Supt., Water Works, (Jan. ’58) P 
Prescott & Russell Health Unit,| Caraway, Ark. (Jan. 55) M s Hook, Melvin E., Asst. Magr., Fox 
Casselman, Ont. (Jan. '55) Davis, Richard ©., Prin. Civ.| Chapel Authority, 401 Fox Chapel 

Bennett, A. L., Eng. Div., State| Ener., Burns & McDonnell Eng.| Rd., Pittsburgh 15, Pa. (Jan. $5) 
Health Dept, Des Moines 19,| 0, Box 7088, Kansas City, Mo.| MRPD 
Iowa (Jan. 5s) | (Jan. ’55) RPD Hopkins, David Walter, Ciel 

Bevan, BR. D., Tech. Service Super- de Se. A ey i; ion. Consultant, Valve Div., S. Mor- 
visor, Canadian Industries (1954) tune Meters Ltd., akeshore gan Smith Co., York, Pa. (Jan. 
Ltd., Box 10, Montreal, Que. (Jan. | Pons “oye ~— oes 55) $5) PD 
P | Dixon, p M., Field Engr., 

Beyersdorf, Herbert, Sales Repr.. Peerless Pump Div., Food Ma- J 
rt, chinesy & Chemical 2850 Engr., State Dept. of Health, 2411 
Dearborn Chem. Co., 1709 Cres-| Somer a St. St Louis Mo Gan N. Charles St., Baltimore 18, Md. 
= St., Franklin, Ind. (Jan. '55) $5) St., St. » Mo. (Jan. 5S) MRPD 


Hull, Cecil H., Engr., Sheppard T. 
A.; see Kraft | Powell, 330 N. Charles St., Balti- 
Booker, B. W.. & Assocs., Cons.| 80% 7088, Kansas City, Mo. (Jan.| more 1, Md. (Jan. '55) RP 

Engrs. Ralph’ Ww Bosker 1722 '55) RPD Hummel, Thurlow, Supt., Victor- 
Olive 8t.. St. Louis 3 Mo. (Corp. | Doka, George, Asst. Engr. Water ville County Water Dist., Box 577, 
Boo Ys " mento, Cali an. ’ untingburg Munie ater Co., 
Fellows, Frank, Supt., Operations Leo F. Grewe, Supt., Hunting- 
Bouchard, Jean-Charles, Chem & Maint., Gary-Hobart Water burg, Ind. (Corp Jan. 55) 
Engr., Water Works & Sewerage Gery, Ted. (Jan. '55)| Philli 
Div., 3161 Joseph St., Montreal, : Hutchins, Roy D.; see lips- 
Que. (Jan. '55) P Ferris, John G., Staff Engr., US burg (Kan.) 

Bourquard, E. H., Chief of Flood Geological Survey, 407 Capitol | Ivey, Gordon W., Supt. of = 
Control, State Dept of Forests & Savings _Bidg., Lansing, Mich ties, Homestead, Fla. (Jan. 
Waters, Education Bldg., Harris-| _ '55) M 
burg, Pa. (Jan. '55) MRPD Ferzacea, V. J.; see Pure Water | Jack, David, Supervising Engr., 

Branham, BR. B.; see Key Bis Co. Public Health Eng Div., Dept. of 
cayne (Fla.) Water Co. ~ | Flanagan, Pat, Mfer.’s Agent,| National Health & Welfare, 207 

Brown, H. D., Supt., Water Works, | 3703 Granada St., Tampa, Fila. Scientific Bidg., 4254 Portage Ave., 
Bloomington, Ind. (Jan. MP | (Jan. Wienges 2, Mas. (es. 35) 

Buckeye Cotton Oil Co., The, Fleming, P., Supt., Water | Joa, Gerhardt A., Borough . , 
Albert E. Logan, Assoc. Director Dept., Middletown, Ind. (Jan. '55) North Arlington, NJ. (Jan. 
of En ~g ackson Ave., Mem- | Frazee, oo, Asst. Supt. of Utili- MD 
his, , orp. M. Jan. °55) ties, Elec. Water Dept., Au-| Jones, John N., San. Engr., In- 
RP burn, Ind A, 55) 7 diana Reformatory, Pendleton, Ind. 

Burnham, Thayer W., Biochemist, Freese, Paul V., Asst. Supt., Sew- (Jan. '55) , 
Dept. of Public Health, 112 N age Treatment Plant, 5000 Over-| Kenworthy, Harvey W., Water 
Hamilton St., Madison, Wis. (Jan look Ave., S.W., Washington 24, Purveyor, Town Hall, Kearny, 
P D.C. (Jan. N.J. (Jan. '55) MPD 


(Continued on page 100 P&R) 
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“a 
isfaction and security when | 
E R M ET E R | 
= This satisfaction comes, we 
designed right, built right, 


Key Biscayne Water Co., R. 
Branham, Mgr., 30 


8. 
ept. of Water & Power, 
Klahn, William H., Owner, 


Kraft Foods aoe Steven*A. Bod- 


Kuengler, Emil J 
tor, Bureau of Water 


ter Supply, Gas & Elec., ii— 


Lee, Edwin W., 
Army Corps of En 


Lee, James H., Asst. Engr., Wash- 
ington Suburban San. Com., 4017 


” of Public Health 
Lutge, Theodore V., Engr., Water 


& Carpenter, 600 N. 2 d 


, Box 212, Talmage, 
Malone, Glenn Head, 


Mascia, Vincent; see Wallingford 


W. K., Secy.-Treas., 
The Assn, of Munic. Elec. Utili- 


Ave., Toronto 2, Ont. 
thyl Corp., Houston Plant, 


PD 

MeDaniel, A. BR. 
McDowell, Earl 


je Malcolm T., Water & 
Fort Lauderdale, Fla. 


to Head of Sales Develop- 
Rohm & Haas Co., 
ashington Phila- 


Moore, Harold, Draftsman, 


Seattle 4, Wash. 


MEMBERSHIP CHANGES 


(Continued from page 98 P&R) 


Mudgett, C. T., Director, Dept. of 
Public Utilities, Muskegon, Mich. 
(Jan. '55) M 

Murphy, John A., Supt., Bureau 
of Admin., Bureau of Water, City- 
County Pittsburgh 19, Pa. 

(Jan. ’55) 

| Neel, Jack F., fa Engr., Wash- 

| ington Suburban San. Com., 4017 

x | Hamilton St., Hyattsville, Md. 

(Jan. M 

| Oelke, Clarence, Supt., Water 
Dept., Main St., Princeton, Wis. 
(Jan. '55) M 

O'Gara, Daniel Joseph, Business 
Mar., Bessemer Water Service, 1810 
—3rd Ave., Bessemer, Ala. (Jan 
5S) M 

Olson, John H., Jr. San. Engr., 
Akron Water Works, Kent, Ohio 
(Jan. °55) MRP 

Palmer, Harold L., Sales Engr., 
Uhrich Supply, 1015 Gentry, 
+ Kansas City, Mo. (Jan. 
155) 

Partrick, C. W., Supt., Dist. Water 
Works of Metropolitan Toronto, 51 
Lawrence Ave. W., Weston, Ont. 
(Jan. ’55) 

Philip, R. H.; see Trafalgar Pub- 
lic Utilities Com. (Ont.) 

Phillipsburg, City of, Roy D. 
bars. Kan. unic. Sv. Sub. 

55 


Powell, Cecil C., Asst. Supt., Tor- 
rance Munic. ater Dist. No. 3, 
1510 Cravens Ave., Torrance, 
Calif. (Jan. '55) MD 

Pure Water Co., V. J. Ferzacca, 
Mer., Logan, W.Va. (Corp. M. 
Jan. '55) 

Ralisback, A. M., Sanitation & 
Sewage Disposal Plant Foreman, 
Bolters Air Force Base, Box 389, 
Mineral Wells, Tex. (Jan. '55) 
MRP 


Richetta, Joseph D., Cons. Ener., 
P. J. Kleiser & Assocs., 671 Tip- 
pecanoe St., Terre Haute, Ind 
(Jan. 

Risser, Joe, Supt., Water Works, 
Monticello, Ind. (Jan. ’55) 

Robinson, John Moore, Secy., La 
Mirada Water Co., 650 S. Sprin 
St., Rm. 1030, Los Angeles, Calif. 
(Jan. MD 

Sanderson, Wallace W., Assoc. 
San. Chemist, Div. of Labs. & Re- 
search, State Dept. of Health, Al- 
bany, N.Y. (Jan. ’55) P 

Sapulpa Water Dept., Nolan W. 
Smith, Supt., City Hall, Box 60, 
Sapulpa, Okla (Munic. Sv. Sub. 
Jan. MP 

Schatz, Edwin C., Asst. San. 
Engr., Bureau of Environmental 
Sanitation, State Dept. of Health, 
Albany, N.Y. 

Schucker, Georg Balti- 
more (Md.) City. Hesith D ept. 

Seribner, Harvey A.; see Gray, 
Russell T 

Serrin, Joseph E., Civ. Engr., 
Office of Planning, Design & Eng., | 
Dept. of San. Bae 6216 Dun- | 
robbin Dr., Washington 16, D.C. 
(Oct. *51) 

Sherman, Donald B., Supt., Wa- | 
ter Dept., Board of Public Af- 
fairs, Box 247, Chagrin Falls, eed 
(Jan. '55) MD 


Aurora, Ohio (Jan 
Smith, Harold L., 
First National Bank Bidg., Stutt- 


Smith, Nolan W.; 
(Okla.) Water Dept. 
Robert F., 
W. Alward, Inc., 161 Mt. “Airy 

Ra, Bernardsville, N.J. (Jan. 


Smith, Wilber A., 


Eugene T., Owner, 
Soft Water Service, 324 Main St., 
Madison, N.J. (Jan. P 


Sweeney, James A., Supt 


Thurston, George B., Sales-Serv- 
ice, Dearborn Chem. Co., é 
i , Indianapolis, Ind. (Jan. 
Trafalgar Public Utilities =. ™ 
8th’ Line, "Oakville. 


, Chicago Bridge & Iron Co., 
907 Lafayette Bidg., i 


Wallingford Water Dept., 
cent Mascia, Supt., 


Conn. (Corp. M. Jan. 
Walter, C. Richard, Asst. 


Frank 


bridge 39, Massachusetts (Jr. M 


Charles 
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Simon, Stephen, Water & Sewer 
ville Jomest W aler 0 
113, Ker e, Calif Jar 
Court, Chicago, Ill. (Corp Sr., Supt, 
Jan. '55) RPD Waynedale Water Co.,  Inc., 
Waynedale, Ind. (Jan. '55) MP 
Sodemann, George L., Partner, 
Marr, Green & Opper, 3329 S. 
Michigan Ave., Chicago 16, IN. 
(Jan. ’55) MP 
M St 
grs., Ne 
Montgomery San rancim 
1if , Water 
Calif. (Jan. ’55)_RPD 
‘ chester, N.H. (Jan. ’55) MD 
Taylor, Harold O., Supt., Water 
jan. yartevine, Works Dept., 26 Wall St., Win- 
chester, Ky. (Jan. ’55) MRPD 
Logan, Albert E.; see Buckey 
Cotton Oil Co. 
or iJ 
arrisburg, fa. an 
PD D ng 
Mahoney, John A., Supervisor, 
Water & Sewage Plant, Mendocino a 
Mich jan ) MP 
Trotter, Roy M., Cons. Engr., 
Eton 5, Calif 
an Antonio, Tex | Wade, M. L., Cons. Bank 
of Commerce Bldg., amloops, 
| B.C. (Jan. ’55) 
Vin- 
te ity ngford, 
Asst Engr., 
; Box New York 17, N.Y. (Jan. ’55) 
47 $5) RPD 
Warrington, James B., Chief 
a ge Water Plant, Box 2853 
niv. Stn., Gainesville, Fla. (Jan 
P 
Dept.. C.M.R. No. 31, Pekin Wayne, Myron A., San. Engr., 
Ill. (Jan. ’55) M Michael Baker Jr., Inc., Rochester, 
MelInerney, Edward, Utilities 
Supt., US Air Force, Canadian Chairman, Wa- 
ter idge Rd., North 
Arlington, N.J. (Jan. ’55) M 
Weichelt, Arthur, Consultant, 
Midwest Securities Co., 134 S&S. 
Chicago 3, Ill. (Jan. 
- 55) 
ig MeMasters, V. K., Supt., Produ 
tion, Water Dept., Box 1266, Dun Welch, Louis Lester, Jr., Sales 
can, Okla. (Jan. '55) Repr., Wholesale Supply Co., Inc., 
Moffett, J. William, Jr., Tech 828 S. State St., Jackson, Miss. 
Asst. (Jan. D 
ment Wileox, Robert L., Research 
; 222 W Asst., San. Eng., Massachusetts 
: Inst. of Technology, 77 Massa- 
chusett Ave Rm 1-075. Cam- 
‘hoy Sept., Wate young, Engr. 
ty Butte Granite, 
5S) MR\ Butte, Mont. (Jan. M 
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LONG PIPE LENGTHS 


With just one advantage of Armco 
Welded Steel Water Pipe—long 
lengths up to 50 feet—you can 
speed up installation of your water 
supply lines and force mains while 
cutting costs. Here are the facts: 

Armco Welded Steel Pipe is sup- 
plied in uniform lengths up to 50 
feet, instead of the usual random 
or double random lengths. This 
means there are less sections to haul 
and handle; fewer joints to be 
made; lower labor costs; and in- 
stallation goes faster. 

Also, you can select from a 
diameter range of from 6 to 36 
inches, and wall thicknesses are 
from %4-to 14-inch. Outside coat- 
ings are supplied to A.W.W.A. 
specifications, and a spun enamel 
lining will prevent tuberculation. 
Write us for more data. Armco 
Drainage & Metal Products, Inc., 
4945 Curtis Street, Middletown, 
Ohio. Subsidiary of Armco Steel 
Corporation. In Canada: write 
Guelph, Ontario. 


WHEREVER WATER FLOWS, 


STEEL PIPES IT BEST 


ARMCO WELDED STEEL PIPE NW 7 
Meets A.W.W.A. Specifications 
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Shorten Installation Time 
Eliminate Many Joints 
Cut Labor Costs 


4 


Small crew installs Armco Water Pipe at 
Kennewick, Washington. Ay is 16 inches in 
diameter with a ,-inch wall. 


Making a joint with the dipped and wrapped 
Armco Water Pipe. 


J 
Fonte 


Index of Aduertisers’ Products 


Activated Carbon: 
Industrial Chemical Sales Div 
Permutit Co. 

Aerators (Air Diffusers): 
American Well Wor! 
General Filter Co. 

Infileo Inc. 

Permutit Co. 

Walker Process Equipment, Inc. 
Air Compressors: 
Allis-Chalmers Mig. Co. 
DeLavai Steam Turbine Co. 
Morse Bros. Mchy. Co. 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Heavy 
Chemicals Dept. 

General Chemical Div. 

Ammonia, Anhydrous: 

General Chemical Div. 

Ammontlators: 

Fischer & Porter Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc 

Brass Goods: 

American Brass Co. 


M. Greenberg’s Sons 

Hays Mfg. 

Mueller 

Welsbach Corp., Kitson Valve Div. 


Carbon Dioxide Generators: 
Infileo Inc 
Walker Process Equipment, Inc. 
_ Cathodic Protection: 
"Electro | Rust-Proofing Corp. 
Harco Corp. 
Cement Mortar Lining: 
Centriline Corp, 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Chemical Apparatus: 
Fischer & Porter Co. 
Cochrane Corp. 
Graver Water Conditioning Co. 
Infileo Inc. 
Omega Machine Co. (Div., B-I-F 
Industries) 
Permutit Co, 
Proportioneers, Inc. 
Ross Valve Mfg. Co. 
Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Chemists and Engineers: 
(See Professional Services) 
Chlorination Equl 
Builders-Providence, 
Fischer & Porter Co 
Proportioneers, Inc 
allace & Tiernan Inc. 
Comparators: 
Klett 
Wallace mp Tiernan Inc. 
Chiorine, Liquid: 
Wallace & Tiernan Inc. 
Clamps and Sleeves, Pipe: 
ames B. Clow & Sons 
wesser Mfg. Div. 
M. Greenberg's Sons 
Mueller Co. 
Rensselaer Valve Co. 
Skinner, M. B., 
A. P. Smith Mig. Co. 
Trinity Valley Iron & Steel Co. 
Clamps, Hell Joint: 
ames B. Clow 
Yresser Mig. Div. 
Skinner, M. B., Co. 


Clamps, 
B 
Jresser Mig 


Pipe Kepair: 

“low & Sons 

Div. 

Skinner, M. B., Co. 

Trinity Valley Iron & Steel Co. 
Clarifiers: 

American Well Works 

Chain Belt Co 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co 

Graver Water Conditioning Co. 
Infilco Inc. 

Permutit Co 

Walker Process Equipment, Inc 
Cleaning Water Mains: 
Flexible Sales Corp. 

National Water Main Cleaning Co 


Condensers: 

United States Pipe & Foundry Co 

Contractors, Water Supply: 

Layne & Bowler, Inc 

Controllers, Liquid Level, 
Kate of Flow: 

Builders-Providence. Inc. 

Fischer & Porter Co. 

General Filter Co 

Infileo Inc. 

Simplex Valve & Meter Co 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon, Inc 

Philadelphia Quartz Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co 

Dresser Mfg. Div. 

Philadelphia Gear Works, 

Diaphragms, Pump: 

Dorr-Oliver Inc. 

Morse Bros. Mchy. Co. 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mfg. Co. 

Engineers and Chemists: 

(See Professional Services) 

beedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon. Inc 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

General Filter Co. 

Johns-Manville Corp. 

Infileo Inc. 

Northern Gravel Co. 

Permutit Co. 

Carl Schleicher & Schuell Co. 

Filters, incl, Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc. 

Graver Water Conditioning Co 


Infileo Inc 

Morse Bros. Mchy. Co. 
Permutit Co 

Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 


Inc 
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Filters, Membrane (MF) 
AG Chemical Co. 
Millipore Filter Corp 
Carl Schleicher & Schuell Co. 


Filtration Piant Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Filtration Equipment Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc 

Infileo Inc 

F. B. Leopold Co. 

Omega Machine Co. (Div., 
Industries) 

Permutit Co. 

Roberts Filter Mig. Co. 


B-I-F 


Stuart Corp. 
Corp., Ozone Processes 
div. 


Fittings, Copper Pipe: 
Dresser Mfg Div. 

M. Greenberg’s Sons 
Hays Mfg. Co. 
Mueller Co. 


Fittings, Tees, Ells, ete.: a 
American Cast Iron 

American Locomotive 

Carlon Products Corp. 

Cast Iron Pipe Research Assn 

James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

aw Valve Mfg. Co. 

1 & H Valve & Fittings Co. 
Prints Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co 


Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co 

Graver Water Conditioning Co. 
Infileo Inc 

Permutit Co. 

Stuart Corp. 

Fluoride Chemicals: 
American Agricultural Chemical Co. 
Blockson Chemical Co. 


Fluoride Feeders: 


Builders-Providence, Inc 

Fischer & Porter Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Wallace & Tiernan Co., Inc. 

r 

Jos. “Pollard Co., Inc. 

Liquid Level: 

Builders-Providence, Inc. 


Fischer & Porter Co. 

Infilco Inc. 

Simplex Valve & Meter Co 

Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

Infileo Inc. 

Simplex Valve & Meter Co. 


Gasholders: 

Chicago Bridge & Iron Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 
Johns-Manville Corp. 
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Here’s Why Installation is Faster, 
More Economical with 


CHAPMAN 
Standard 


SLUICE 


Installation is faster and 
simpler with a Chapman Stand- 
ard Sluice Gate because com- 
ponent parts are absolutely in- 
terchangeable, made to fit every 
installation without match- 
marking or field alterations. 

Standardized 
manufacture also 
means that repair 
or replacement 
parts, if necessary, 


THE 
CHAPMAN 
VALVE MFG. 
COMPANY 


INDIAN ORCHARD, MASS. 


GATES 


fit perfectly into place without 
alterations. 

Modern Chapman Standard 
Sluice Gates are the products 
of over seventy-five years of 
Chapman experience. A wide 
range of sizes and designs is 
available to meet any require- 
ment. All with manual, hy- 
draulic, or electric motor con- 
trol. Write for Catalog 25. 
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Gates, Shear and Sluice: 

Armco Drainage & Metal 
Inc. 

Chapman Valve Mfg. Co. 

fouee B. Clow & Sons 
orse Bros. Mchy. Co. 

Mueller Co. 

k. D. Wood Co 

Gears, Speed Reducing: 

DeLaval Steam Turbine Co. 

Philadelphia Gear Works, Inc. 

Glass Standards—Colorimetric 
Analysis Equipment: 

Klett Mig. Co 

Wallace & Tiernan Inc. 

Goosenecks (with or 
© Stops): 

B. Clow & Sons 
ays Mfg. Co. 

Mueller Co. 

Hydrants: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

M. Greenberg's Sons 

Kennedy Valve Mfg. Co. 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Co. 

P. Smith Mfg. Co 

Valve Co. 

R. D. Wood Co 

Hydrogen ton Equlpment: 

Wallace & Tiernan Inc. 

lon Exchange Materials: 

Cochrane Corp. 

General Filter Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc 

Infileo Inc. 

Permutit Co. 

Roberts Filter Mig. Co 

Iron, Pi 

Woodward Iron Co. 

fron Kemoval Plantes: 

American Well Works 

Chain Belt Co 

Cochrane Corp. 

General Filter Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Roberts Fiiter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Hydraulic Development 

Corp. 

eadite Co., 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Time Sinkers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infileo Inc. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Magnetic Dipping Needles: 

W. S. Darley 0. 

Meter Boxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mig. Co. 

Dresser Mfg. Div. 


without 
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Ford Meter Co. 

Hays 

Hersey Mig Co. 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Welsbach Corp., Kitson Valve Div. 

Worthington-Gamon Meter Co 

Meter Keading and Keeord 
Kooks: 

Badger Meter Mig. Co. 

Meter Testers: 

Badger Meter Mfg. Co 

Ford Meter Box Co 

Hersey Mig. Co 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mig. Co 

Buffalo Meter Co 

Hersey Mfg. Co 

Neptune Meter Co 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Meters, Filtration Piant, 
Pumping Station, 
Transmission Line: 

Ruilders-Providence, Inc 

Fischer & Porter Co. 

Foster Eng. Co 

Infilco Inc. 

Simplex Valve & Meter Co 

Meters, Industrial, Commer- 
elal: 

Badger Meter Mfg. Co 

Buffalo Meter Co 

Builders-Providence, Inc 

Fischer & Porter Co. 

Hersey Mig. Co 

Neptune Meter Co 

Pittsburgh Equitable Meter Div 

Simplex Valve & Meter Co 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Mixing Equipment: 

Chain Beit b 

General Filter Co. 

Infileo Inc. 

Ozonation Equipment: 

Welsbach Corp., Ozone 
Div 

Paints 

Inertol Co., Inc. 

Pipe, Asbestos-Cement: 
ohns-Manville Corp. 

easbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings) : 

American Cast Iron Pipe Co 

Cast Iron Pipe 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co 

R. D. Wood Co. 

Pipe, Cement Lined: 

Cast Iron Pipe Research Assn 

B. Clow & Sons 

nited States Pipe & Foundry Co. 

Universal Concrete Pipe Co. 

R. D. Wood Co 

Pipe Coatings and Linings: 

The Barrett Div 

Cast Iron Pipe Research Assn 

Centriline Corp 

Inertol Co., Inc. 

Koppers Co., Inc. 

Reilly Tar & Chemical Corp. 

Pipe, Concrete: 

American Concrete Pressure Pipe 


Assn. 
& Construction Co. 
Co. 


Processes 


American Pi 
Lock Joint Pipe 


Pipe, Copper: 
American Brass Co 
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Pipe Cutters 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

Reed Mfg. Co. 

A. P. Smith Mfg. Co. 

Pipe Jointing Materials; 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe, Steel: 

American Locomotive Co. 

Drainage & Metal Products, 
nc 

Bethlehem Steel Co. 

Plugs, 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co 

Pressure Regulators: 

Allis-Chalmers Mfg. Co. 

Foster Eng Co. 

Mueller Co 

Ross Valve Mfg. Co. 

Pumps, Boller Feed: 

DeLaval Steam Turbine Co. 

Pumps, Centrifugal: 

Allis-Chalmers Mig. Co. 

American Well Works 

DeLava! lurbine Co. 

Morse Bros. Mchy. Co. 

C. H. Wheeler Mig. Co. 

Pumps, Chemical Feed: 

Infileo Inc. 

Proportioneers, Inc. 

Wallace & Tiernan Inc. 

Pumps, Deep Well: 

American Well Works 

Layne & Bowler, Inc. 

Pumps, Diaphragm: 

Dorr-Oliver Inc. 

Morse Bros. Mchy. Co. 

Pumps, Hydrant: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pumps, Hydraulic Booster: 

Ross Valve Mfg Co. 

Pumps, Sewage: 

Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co, 

C. H. Wheeler Mig. Co. 

Pumps, Sump: 

DeLaval Steam Turbine Co. 

C. H. Wheeler Mig. Co 

Pumps, Turbine: 

DeLava! Steam Turbine Co. 

Layne & Bowler, Inc. 

Recorders, Gas Density, COs, 
ete.: 

Fischer & Porter Co. 

Permutit Co 

Wallace & Tiernan Inc. 

Kecording Instruments: 

Fischer & Porter Co 

Infilco Inc 

Wallace & Tiernan Inc. 

Reservoirs, Steel: 

Chicago Bridge & Iron Co 

Graver Water Conditioning Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; see 
Gages 

Sleeves; see Clamps 

Sleeves and Valves, Tapping: 

James B. Clow & Sons 

M & H Valve & Fittings Co. 

Mueller Co, 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

Sludge Blanket Equipment: 

General Filter Co 

Graver Water Conditioning Co. 

Permutit Co 


Steam 


| 

| 
| 
| | 
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WATER TREATMENT 


rioccu.caror sivoce corrector 


SETTLING f 


TO 
BASINS 


SLUDGE TO 
DISPOSAL 


Just as no two sets of finger prints are ever alike, so, too, are all 
water-treatment problems different. Velocities, head loss, capacities, 
site conditions, tank or channel hydraulics, and many other factors 
vary from plant to plant. That is why we at Chain Belt have no 
standard answer to a treatment problem. We study each application 
carefully, and from our broad background of experience recommend 
the type and size of equipment you need for most efficient, economical 
results. The flexibility of Chain Belt Water Treatment equipment is 
sure to provide an answer to your particular problem. 

So, check with Chain Belt Company before you select and specify 
equipment. Ask your nearest Rex Sales Engineer to work with you 
to assure the results you want, or write direct to Chain Belt Com- 
pany, 4609 W. Greenfield Ave., Milwaukee 1, Wis. 
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Sodium Hexam h 
Blockson Chemical 
Calgon, Inc 
Sodium Silicate 
Philadelphia Quartz Co. 
Softeners: 
Cochrane Corp 
Dorr-Oliver Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc 
Infileo Inc, 
Vermutit Co, 
Koberts Pilter Mig. Co. 
Walker Process Equipment, Inc 
Softening Chemicals and Com- 
pounds: 
Calgon, Ine 
Cochrane Corp 
General Filter Co. 
Infileo Inc 
Morton Salt Co. 
Vermutit Co 
Tennessee Corp. 
Standpipes, Steel: 
Chicago ridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Works 
Vittsburgh-Des Moines Stee! Co 
Steel Plate Construction: 
American Locomotive Co. 
Bethlehem Steel Co. 
Chicago Bridge & Iron Co 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Stee! Co 
Seepe, A and Corporation: 
Hays Mf 
Mueller 
Welsbach Corp. , Kitson Valve Div. 
Storage Tanks; see Tanks 
Strainers, Suction: 
James B. Clow & Sons 
M. Greenberg's Sons 
Edward E., Inc. 
Dp Wood Co, 
Surface Wash Equipment: 
Cochrane Corp. 
Permutit Co. 
Swimming Pool Sterilization: 
Fischer & Porter Co. 
Omega Machine Co. (Div., B-I-F 
Industries) 
Proportioneers, Inc, 
Wallace 
Welsbach Corp., 
iv 
Tanks, Steel: 
American Locomotive Co. 
Bethlehem Steel Co, 
Chicago Bridge & Iron Co. 
R. D. Cole Mfg. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co 
Tapping-Drilling Machines: 
Hays Mig. Co. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Tapping Corp.: 
Hays Mfg. 
Mueller 
Welsbach Corp., Kitson Valve Div. 
Taste and Odor Remova!: 
Cochrane Corp. 


Ozone Processes 


ADVERTISERS’ PRODUCTS 


Fischer & Porter Co. 

General Filter Co 

Graver Water Conditioning Co. 

Industriai Chemica! Sales Di. 

Infilco Inc. 

Permutit Co. 

Vronortioneers, Inc. 

Wallace & Tiernan Inc. 

Weisbach Corp., Ozone 
Div 

Turbidimetric Apparatus (For 
Turbidity and Suifate De- 
terminations): 

Wallace & Tiernan Inc. 

Turbines, Steam: 

DeLaval Steam Turbine Co 

Turbines, Water: 

DeLaval Steam Turbine Co 

Valve Boxes: 

James B. Clow & Sons 

lord Meter Box Co 

M & H Valve & Fittings Co 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

pa Valley Iron & Steel Co 


) Wood Co 


Processes 


Valve-Inserting Machines: 
Co, 
Smith Mfg. Co. 
Altitude: 
Ross Valve Mfg. Co., Inc. 
Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Piug: 
Chapman Valve Mfg. Co. 
ames B. Clow & Sons 
JeZurik Shower Co. 
Sons 
& H Valve & Fittings Co 

Mutter Co. 
Henry Pratt Co. 
Rensselaer Valve Co. 
R. D. Wood Co. 
Valves, Detector Check: 
Hersey Mig. Co 
Valves, Electrically 
Chapman Valve Mfg. 
B. Clow & Sons 

rane 
Valve & Mfg. Co 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
Mueller Co. 
Philadelphia Gear Works, Inc 
Henry Pratt Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
Valves, Float: 
— B. Clow & Sons 

enry Pratt Co. 
Ross Valve Mfg. Co., 
Valves, Gate: 
Chapmaa Valve Mfg. Co. 
James z Clow & Sons 
Crane Co. 
Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 
Kennedy Valve Mfg. Co 
Ludlow Valve Mfg. Co., Inc. 
M & H Valve & Fittings Co 
Mueller Co. 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 
Valves, Hydraulically Oper- 

ated: 
Chapman Valve Mfg. Co. 
James B. Clow & 


Vol. 47, No.4 


Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Shower Co. 

Kennedy Valve Mig. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves, Large Diameter: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Kennedy Valve Mfg. a 

Ludlow Valve Inc. 

M & H Valve & ittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rensselaer Valve Co, 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Valves. Regulating: 

DeZurik Shower Co. 

Foster Eng. 

Mueller Co. 

Henry Pratt Co, 

Ross Valve Mfg. Co. 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Waterproofing 

Inertol Co., Inc. 

Water Softening 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc 

Water Testing Apparatus: 

Wallace & Tiernan Inc. 

Water Treatment Plante: 

Allis-Chalmers Mig. Co. 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Fischer & Porter Co. 

General Filter Co. 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Welsbach Corp., Ozone 
Div 

Well Drilling Contractors: 

Layne & Bowler, Inc 

Well Screens 

Johnson, Edward E., Inc 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see ton 
Materials 


Plants; see 


Processes 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1953 AWWA Directory. 


a 
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“All Three At At 


Available Immediately 
From Stock 


AWWA Approved Short 
Body and Mechanical 

Joint Watermain Fittings— 
4 through 12 inch. 


AWWA Standard Bell 
Spigot Watermain 


Fittings—2 through 
24 inch. 


TRINITY VALLEY IRON AND STEEL CO, 


Phone PErshing 3141 Fort Worth, Texas 4 P. 0. Box 664 


Apr. 1955 
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« 
Bell Spigot 
Watermain 
Fittings—24 
through 36 
| 
‘ 
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This assembly consists of two 4-in Rockwell single register compound meters 
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complete with four Fig. 143 Nordstrom valves and two 8-in reducing manifolds. 
The laying length conforms to A.W.W. A. standards for 8-in compound meters. 


Sure Way To Avoid Shutdowns 


Big compound meters are one of your 
most important sources of revenue. 
But big compounds are often sluggish 
—always difficult to install and serv- 
ice. To ease this burden, install two 
meter Rockwell manifold units. They 
measure all the flows with greater 
accuracy. Uninterrupted service is 


assured since either meter can be used 
to record off-peak loads while a new 
or repaired meter is being installed in 
the other branch of the manifold. 
What’s the initial cost for all this 
accuracy and convenience? Usually 
less than for a single big meter. Write 
for full details. 


The Symbol for Service, Quality Gy and Performance in Water Meters 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH &, PA. Atlanta Boston 
Los Angeles Midlend, Texas 


N. Kansas City, Mo. 
Sen Francisco Seattle Shreveport 


Vol. 47, No.4 


iit & 
Charlotte Chicago Dallas Houston 
York Philadelphia Pittsburgh 
Tulsa 


im water treatment problems... 


you won't find identical twins 


New Orleans, Lovisiana 


How to get immediate high-rate softening and clari- 
fication capacity for 100 MGD while long range 
improvements were made in another section of the 
plant .. . that was the problem faced by New 
Orleans. 

A study of existing facilities showed that effective 
use could be made of two existing basins which had 
been used as grit chambers in the original plant 
Twelve Dorreco Hydro-Treator* mechanisms, each 
54’ 6” diameter, were installed . . . six in each basin, 


Ne (wo water treatment probleme are exactly alike. 
‘The night solutes to each can only be arrived ot 
after careful study af the locel conditucns 
Venables such raw water composition rate of 
flow end results required eutomatically rule oul 
the cure all approach The installation shown below 
gud example of how equipmest should be 
to ft the job and not vice verse 


Gets Immediate Softening and Clarification Capacity 
While Long Range Improvements are Made 


with the basins operating in parallel at 50 MGD ca- 
pacity each 

Other improvements now being completed in the 
plant include the addition of two Dorrco Monorake* 
units in one of the existing coagulation basins 

If you'd like more information on the complete 
line of Dorr-Oliver water treatment equipment, 
write for Bulletin No. 9141, Dorr-Oliver Incorpo- 
rated, Stamford, Conn., or in Canada, 26 St. Clair 


Avenue E., Toronto 5 


Every day, nearly 8 billion gallons of water are treated with Dorr-Oliver equipment 


*Tredemart fog. U.S. Pat OF 


orr-Criver 


RESEARCH + ENGINEERING + EQUIPMENT 


WORLD - widt 
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Jointed for .. . 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pioneer self-caulhking material fer c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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